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A#  Introduction 

The  results  are  presented  from  a  study  to  determine  the  differential 
pressure  loading  across  the  exterior  walls  of  a  shelter  structure  when 
it  has  been  exposed  to  a  blast  wave.  Experimental  pressure-time  records 
obtained  from  opposite  sides  of  the  walls  and  the  algebraic  subtraction 
of  the  two  records  are  shown  for  an  input  shock  over  pressure  of  5  psi. 

Preliminary  results  are  shown  for  a  basement  type  shelter  model  in 
which  it  is  assumed  that  the  upper  floors  of  the  structure  containing 
the  shelter  are  blown  away  by  the  blast  wave.  High  speed  photography 
was  used  to  record  the  motion  of  the  shock  wave  as  it  entered  through  a 
top  entrance  into  a  two-dimensional  model.  A  smoke  grid  tracer  method 
was  used  to  follow  the  shock  created  air  flow  within  the  model. 

B.  Experiments 

Two-  and  three-dimensional  models  were  exposed  to  step  shock  waves 
produced  in  the  Ballistic  Research  Laboratories  (BRL)  shock  tubes.  As 
was  notea  above,  photography  was  used  to  monitor  the  two-dimensional 
experiments.  Pressure  transducers  placed  in  the  walls  of  the  three- 
dimensional  loading  model  were  used  with  a  tape  recorder  system  to  acquire 
the  pressure-time  loading  data. 

C.  Results  and  Conclusions 

The  Appendixes  of  the  report  contain  pressure-time  records,  a 
computer  program  to  predict  the  loading  on  the  outride  of  the  front  wall 
with  a  single  opening  exposed  to  a  step  shock  wave,  photographs,  and 
tables  of  flow  calculations. 

Comparison  is  made  of  the  experimental  loading  results  with,  the 
prediction  methods  given  by  the  Army  design  manual,  TM5-856-1. 

The  following  conclusions  are  believed  to  be  valid  over  the  test 
pressure  range  of  5  to  10  psi. 

1.  The  clearing  time  which  is  the  time  required  to  reduce  the 
front  wall  to  stagnation  pressure,  is  apparently  proportional  to  the 


3 


smaller  of  the  half-width  or  the  height,  and  not  proportional  to  a  , 
weighted  sum  of  the  wall  opening-edge  dimension  as  indicated  in  the 
design  manual.  This  is  probably  true  because  reflections  from  the  ' 
entrance  walls  do  not  allow  the  faster  predicted  clearing  time  to  occur. 

2.  Internal  side  wall  reflections  cause  a  higher  internal 
front  wall  loading  than  is  predicted  by  the  manual.  Also,  some  type  of 
oscillating  loading  function  should  probably  be  used  in  any  prediction 
method  devised. 

3.  The  area  influenced  by  the  edge  vortices  may  be  limited 

to  that  within  a  few  inches  of  the  edge.  For  full  size  structure  walls, 
this  region  might  be  neglected  if  the  major  vortex  effects  still  occur 
in  the  first  few  inches  from  the  edge. 

4.  The  basement  shelter  results  are  quite  preliminary,  but 
they  appear  to  show  a  strong  flow  towards  the  floor  from  the  overhead 
entrance,  and  not  at  a  shallow  angle  into  the  model,  as  it  previously 
was  thought  to  occur. 
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1.  INTRODUCTION 


The  purpose  of  this  study  is  to  determine  the  differential  loading 
across  the  exterior  walls  of  a  shelter  structure  when  it  is  exposed  to 
a  blast  wave.  A  secondary  goal  of  the  study  is  to  determine  the  internal 
air  flow  inside  of  a  basement  type  shelter  if  the  upper  floors  have  been 
destroyed  by  the  blast  wave.  In  this  case,  the  blast  wave  is  free  to 
enter  through  the  overhead  interior  stairwell.  The  problems  of  structure 
removal  and  the  debris  are  not  considered.  The  internal  flow  study  will 
continue  into  the  next  work  period  and  initial  results  are  reported 
here.  The  work  is  sponsored  by  the  Office  of  Civil  Defense  (OCD)  under 
a  contract  (Work  Order  Number  DAHC-20-7Q-W-0310  with  the  Ballistic 
Research  Laboratories  (BRL) . 

The  differential  loading  part  of  the  study  was  done  with  a  three- 
dimensional  model  exposed  tc  tep  shock  waves  produced  in  the  5.5  ft 
BRL  shock  tube.  Pressure  transducers  were  used  to  measure  the  piessure 
as  a  function  of  time  at  locations  on  each  of  the  shelter  walls.  The 
differential  load  was  recorded  by  electronically  combining  the  outputs 
from  each  pair  of  transducers  inside  and  outside. 

The  study  of  internal  flow  was  begun  with  a  two-dimensional  model 
exposed  to  air  shock  waves  in  the  photographic  section  of  the  4  x  IS  in. 
shock  tube.  The  shock  induced  air  flow  within  the  model  was  photograph* 
ically  monitored  with  smoke  grid  tracers. 

Data  from  each  experiment  are  placed  in  the  Appendixes.  Appendix  A 
shows  the  several  pressure-time  histories  recorded  during  the  diffraction 
loading  experiments.  Appendix  B  lists  a  computer  progiam  for  calculating 
the  air  shock  loading  parameters  on  the  outside  of  a  fro^t  wall  of  a 
shelter  structure  with  an  opening.  Appendix  C  shows  the  photographs 
from  the  flow  experiment  with  the  two-dimensional  basement  model. 

Appendix  D  contains  the  air  flow  tables  and  vector  plots  calculated 
from  motion  of  the  smoke  grids. 


Preceding  page  link 
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1 1 .  EXPERIMENTS 


In  order  for  existing  structures  which  are  used  for  shelters 

* 

(References  1,  2,  and  3)  to  be  evaluated  for  strength  correctly,  the 
differential  loading  caused  by  blast  waves  needs  to  be  better  defined. 
Accordingly,  experiments  are  being  carried  out  at  the  BRL  Shock  Tube 
Facility  to  acquire  this  type  of  information.  Part  A  below  describes 
one  such  experiment  at  the  5.5  ft  diameter  shock  tube. 

If  one  assumes  that  the  upper  floors  of  a  protective  structure  are 
removed  by  a  blast  wave,  the  problem  then  becomes  one  of  flow  into  the 
basement  through  the  interior  overhead  entrance.  A  two-dimensional 
experiment  described  in  Part  8  below,  was  designed  to  visualize  tne 
internal  air  flow  associated  with  this  type  of  filling  process. 

Table  I  summarizes  the  pertinent  model  data. 

A.  Three-Dimensional  Experiment 

This  experiment  consisted  of  instrumenting  the  interior  and  exterior 
walls  of  a  model  of  a  single  roan  structure  with  one  entrance.  The 
model  was  then  exposed  face-on  to  step  shock  waves  of  a  nominal  S.5  psi 
overpressure  inside  the  5.5  ft  shock  tube.  Figure  1  shows  a  sketch  of 
this  model  (Model  57)  with  the  transducer  locations. 

The  pressure  transducers  used  were  a  ceramic  piezoelectric  type 
(Susquehanna  Instruments  ST2)  coupled  to  a  source  follower  (Piezotronics 
PCB  402A),  and  the  voltage  output  (pressure- time  history)  was  recorded 
by  a  tape  recorder  (Bell  and  Howell  VR  3300).  The  FM  recorder  had  a 
frequency  response  of  near  DC  to  20  KHz. 

The  same  instrumentation  was  used  to  determine  the  loading  for  the 
two-dimensional  wall  -  Model  38.  A  sketch  of  this  model  with  transducer 
locations  is  shown  as  Figure  2.  This  model  was  two-dimension  early  in 
time  only,  until  reflections  or  rarefactions  returned  from  other  edges. 


* 


References  are  listed  on  page  52. 
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Tabid  I.  Model  Data 


Model 

Size 

1 

Type  of 
Filling 

Input 

Pressure, 

psi 

A/AF,% 

V/A,  ft 

- 

Remarks 

hod 

sis  for  5. 

i  ft  Shock  T 

tbe 

37 

1 

10x15x25  in. 

Front 

S  £  \ 

.  *»  *  ...  ~ 

17 

6 

6  1/2x8  in 

38 

2  3/4x13  1/2  in. 

Front 

5.6 

- 

- 

entrance 

38-A 

4.18x8.375x3  in. 

5.0 

! 

No  Opei 

sing 

two-dimen¬ 

sional 

wall 

Model  for  4  x  15-in.  Shoe!  Tube 


21/2x4  in.  Top 


5,  10 


two-dimen- 

sionil 

1  x  4  in. 

entrance 

at  top 


Differential  Loading  Experiment 


In  both  experiments,  the  differential  records  were  obtained  by  differential 
operational  amplifiers  which  electronically  combined  the  output  of  each 
set  of  exterior-interior  (or  upstream-downstream)  transducers. 

B.  Two-Dimensional  Smoke  Grid  Experiment 

The  smoke-grid  model  (Model  39)  was  designed  to  simulate  a  basement 
type  shelter  when  the  above  ground  floors  are  assumed  destroyed  by  the 
blast  wave.  Figure  3  shows  a  sketch  of  the  model  mounted  in  the 
4  x  15  in.  shock  tube  photographic  test  section.  A  high  speed  framing 
camera  was  used  to  record  the  motion  of  the  smoke  grids  as  the  air  was 
disturbed  inside  the  model. 


III.  RESULTS 

The  results  are  presented  in  two  sections;  (A),  the  results  of  the 
differential  loading  experiments,  and  (B) ,  those  from  the  basement  model. 

A.  Differential  Loading 

The  complete  set  of  pressure- time  records  from  the  loading  experi¬ 
ments  are  placed  in  Appendix  A.  The  records  for  Model  37  are  shown  first 
in  the  order  ef  front  wall,  side  wall,  and  back  wall.  After  these  are 
shown  records  obtained  with  Model  38;  and  last  are  the  records  for  the 
input  shock  waves.  These  records  display  oscillations  caused  by  reflec¬ 
tions  from  the  model. 

Three  representative  sets  of  pressure-time  histories  of  the  wall 
loading  of  Model  37  are  shown  in  Figures  4-6.  Figure  7  shows  the 
first  set  of  traces  recorded  at  the  gage  location  nearest  to  the  edge  of 
Model  38.  Table  II  summarizes  the  data  obtained  with  both  models.  All 
arrival  times  referred  to  in  this  report  indicate  the  time  of  arrival 
at  the  front  of  the  models  and  are  not  shown  on  these  traces,  but  are 
listed  in  Table  II. 

Figure  4(A)  shows  the  pressure-time  history  for  Position  3  on  the 
outside  of  t\t  front  wall  of  Model  37.  There  are  three  main  regions  of 
interest  that  can  be  observed.  Initially,  the  incoming  shock  wave  was 
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Figure  4.  Pressure-Time  Records  -  Front  Wall  of  Model  37 
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OVERPRESSURE • PS  I  OVERPRESSURE .  PS  l  OVERPRESSURE ,PSI 


O.C.O. 

STA 


8  STA 
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Shot 
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psi 
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Side 

Time, 

usee 


0 

326 


12 

12A 
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Table  II.  Summary  of  Results  (Continued) 


A.  Differential  Loading  Experiment 


Table  II.  Summary  of  Results  (Continued) 


Flow  Experiment 
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Grid 
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Velocity 
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Q 
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4.9 

Front 
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11-456 
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39 

.25 

r 

r 

Shock 
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5-311 
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1 

■MB 
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reflected  by  the  model  front  surface  to  a. value  determined  by  the 
input  shock  wave  strengths.  A  series  of  rarifaction  waves  from  the 
edges  of  the  entrance  and  front  wall  reduce  the  pressure  to  some 
average  stagnation  pressure  value.  Other  positions  on  the  outside  vail 
experienced  similar  loads  with  some  pressure-time  variations  depending 
on  the  nearness  of  the  relieving  edges. 

Figure  4(3}  shows  the  position  on  the  inside  of  the  front  wall 
corresponding  to  Figure  4(A) .  A  more  complicated  pressure-time  history 
exists  on  the  inside  than  on  the  outside.  The  shadowgraphs  shown  in 
Figure  8  (taken  from  Reference  4)  illustrate  the  complicated  multiple 
reflections  of  the  incoming  shock  wave.  The  first  group  of  reflections 
(o-3  msec)  come  from  the  near  side  walls,  and  later  from  the  rear  wall 
(3  -  10  msec).  A  third,  larger  period  of  oscillations  compared  to  first 
two  groups  correspond  to  a  fill-time  frequency. 

Figure  4(C)  is  obtained  by  the  electronic  subtraction  of  the  second 
from  the  first  trace.  The  result  is  the  differential  loading  for  a 
position.  The  front  loading  is  first  inward  (positive)  until  the 
reflected  shock  wave  returns  from  the  back  wall  and  the  loading  becomes 
outward  (negative).  This  outward  force  remains  until  an  equal  pressure 
is  established  on  both  sxdes  of  the  front  wall. 

Figure  5  shows  a  similar  set  of  traces  representative  of  the  side 
wall  daia  taken  at  Positions  13,  13A,  and  the  difference  of  the  traces. 

The  outside  wall  pressure  is  about  equal  to  the  pressure  of  the  input 
shock  wave  (5.5  psi)  at  early  times.  Subsequently  there  is  some  decay 
to  a  lower  pressure  (3-0  psi)  and  an  increase  back  to  an  average  value 
of  about  4  psi. 

The  pressure  record  of  Position  13A  on  the  inside  of  the  siU?  wall 
resembles  the  record  from  the  inside  of  the  front  wall,  second  trace. 
Figure  4.  As  in  Figure  4,  there  is  an  initial  group  of  side-wall 
reflections,  followed  by  a  second  group  with  larger  amplitudes.  There 
seems  to  be  a  lack  of  any  sudden  low  pressures  dip  indicating  the  presence 
of  a  strong  vortex  created  by  the  nearest  edge,  3  1/2  in.  away.  The 
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first  portion  of  the  bottom  trace*  Figure  4(C),  shows  a  positive  , 
inward  pressure  which  results  in  a  positive  differential  pressure  where 
the  second  group  of  reflections  arrive  from  the  inside  back  wall.  The 
difference  becomes  negative,  or  outward.  Appendix  A  shows  the  records 
from  the  remaining  side  wall  positions. 

Figure  6  shows  a  set  of  traces  taken  from  the  back  wall  of  the 
model  at  Positions  24,  24A,  and  the  difference  between  them.  The  upper 

trace,  from  the  outside  wall,  shows  an  increasing  rise  to  a  pressure 

* 

equal  or  above  that  of  the  input  pressure  of  P  =5.5  psi.  A  noticeable 
pressure  dip  follows  which  was  possibly  caused  by  a  vortex  propagated 
from  the  rear  edge  of  the  model  top. 

The  corresponding  inside  Position  24A,  shows  pressure  oscillations 
similar  to  those  seen  at  Positions  3A  and  13A.  Because  of  these  large 
oscillations' in  the  pressure,  the  difference  trace  between  24A  and  24 
gives  an  almost  all  negative,  or  outward  result.  Again,  the  remaining 
records  for  the  rear  surface  are  to  be  found  in  Appendix  A. 

The  results  of  the  second  differential  loading  experiment  are  given 
in  Table  II  for  Model  38,  shown  in  Figure  2.  The  model  positions  are 
numbered  from  the  outside  free  wall  edge,  toward  the  bottom  plate. 

Upstream  facing  positions  are  numbered  Positions  1-4,  and  positions 
behind  the  wall  are  labeled  Positions  1A  -  4A.  Refering  back  to  Figure  7, 
records  from  Positions  1,  1A,  and  the  difference  between  them  are  shewn. 

The  upper  record,  taken  at  the  front  of  the  wall  shows  a  pressure 
decay  from  the  initial  reflection  of  the  input  wave  to  some  value  near 
stagnation  pressure.  Three  portions  of  this  decaying  part  of  the  record 
corresponded  to  arrival  of  rarefaction  waves  from  the  different  relieving 
edges  of  the  model  wall.  Only  the  first  rarefaction  is  really  two- 
dimensional.  Mounting  plate  edges  cause  additional  relief  after  this 
initial  two-dimensional  relief  phase.  An  undershoot  in  pressure  in 


* 

This  atepoiae  pressure  grourth  ia  to  be  reported  in  more  detail  in  a 
BRL  Memorandum  Report  to  be  published. 
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the  decay  phase  occurs  which  lowers  the  pressure  below  stagnation 
pressure;  then  pressure  builds  up  again  to  about  the  value  for  stagnation 
pressure. 

The  second  trace  shows  the  pressure-tine  record  from  the  rear  of 
the  wall.  Position  1A.  During  the  time  of  this  trace,  the  shock  wave 
has  diffracted  over  the  wall  and  down  the  back  with  a  corresponding 
pressure  decay.  The  sharp  dip  to  zero  pressure  is  caused  by  the  vortex 
from  the  back  edge  of  the  wall.  The  pressure  builds  again  to  a  value 
somewhat  below  the  side-on  value  of  input  pressure. 

The  difference  trace,  shown  at  the  bottom  of  Figure  7  shows  a 
positive  loading  against  the  front  of  the  wall  during  tht»  recording  time. 

Records  for  the  remaining  positions  on  Model  38  may  be  found  in 
Appendix  A,  Figure  A-4.  Examination  of  these  traces  does  not  show  the 
vortex  dip,  as  was  observed  at  Position  1A.  The  last  three  positions  in 
this  group.  Figure  A-4,  show  a  small  negative  difference  for  a  short 
time.  This  net  inward  pressure  on  the  outside  of  the  rear  wall  is 
caused  by  reflections  of  the  shock  wave  at  the  base  of  the  rear  wall. 

B.  Flows  ir.  the  Basement  Model 

Preliminary  results  from  a  two-dimensional  basement  model  are 
presented  in  this  section.  The  shock  wave  was  allowed  to  approach  over 
the  top  of  the  model;  it  then  moved  into  the  model  through  the  overhead 
entrance. 

Photographs  of  the  entrance-shock  wave  interaction  display  a 
relatively  complicated  process.  Previous  work  (Reference  4)  showed  the 
shock  wave  as  it  entered  through  the  front  entrance  of  a  geometrically 
similar  model.  A  comparison  of  the  two  types  of  entrance  effects  are 
shown  in  Figures  8  and  9.  The  reflection  processes  of  the  shock  wave 
appear  similar  in  the  two  models.  However,  the  flow  into  the  model  from 

the  top  entrance  as  indicated  by  the  general  direction  the  vortices  are 
moying  appears  to  be  directed  primarily  downward  in  Figure  9.  The 
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direction  of  the  vortices  is  not  towards  the  far  end  of  the  model  as 
expected.  The  vortices  stay  near  the  front  of  the  model  instead  of 
crossing  the  model. 

Table  II  presented  before,  summarizes  the  average  air  flow  speeds 
at  discrete  times,  measured  from  the  time  when  the  shock  wave  readies 
the  inside  of  the  entrance.  The  range  of  speeds  is  quite  wide  and 
speeds  of  several  hundred  feet  per  second  were  calculated.  This  agrees 
with  earlier  work  which  was  discussed  in  Reference  5.  Similar  flow 
speeds  were  found  for  a  variety  of  entrance  configurations  at  the  same 
input  pressure. 

Appendixes  C  and  0  contain  the  photographs,  air  flw  tables,  and 
vector  plots  of  data  from  Model  39. 

IV.  COMPARISONS  OF  RESULTS  WITH  THEORY 

The  purpose  of  this  section  is  two-fold;  first,  to  present  an 
empirically  derived  computer  program  prediction  for  the  pressure  loading 
by  a  step  shock  wave  on  the  front  wall  of  a  structure  with  or  without 
an  opening.*  Second,  the  results  of  the  present  differential  loading 
experiments  will  be  compared  with  the  structure  loading  prediction 
methods  of  Reference  6. 

A.  Front  Wall 

The  pressure-time  records  from  the  outside  of  the  front  wall  show 
three  main  divisions  of  pressure  which  will  affect  the  wall  loadings 
Initially,  the  input  shock  wave  loads  all  position  on  the  wall  with 
reflected  pressure  at  a  given  position.  The  reflected  loading  remains 
until  a  rarefaction  wave  arrives  from  the  nearest  edge.  This  second 
phase,  or  unloading  process,  continues  as  other  rarefactions  reach  the 
position  fro®  the  other  edges  and  openings  until  the  stagnation  pressure 


*  A  more  general  case  allowvng  multiple  openings  and  a  general  waveform 
for  the  input  shook  wave  will  be  reported  later  as  a  BRL  Memorandum 
Report. 
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for  the  input  wave  is  reached.  The  unloading  process  occurs  in  some 
clearing  time  for  the  entire  front  face.  The  front  wall  load  lasts  at 
a  higher  level  for  a  longer  time  than  is  predicted  from  Reference  6. 

A  semi- log  plot  of  the  pressure- time  curves  led  to  the  assumption  that 
the  decay  portion  of  the  loading  might  be  represented  by  two  exponential 
decay  equations.  These  equations  together  with  their  time  bounds  are 
shown  in  Figure  10  with  a  schematic  of  a  front  wall  with  an  opening. 

For  the  computer  program,  the  front  wall  is  divided  into  general 
zones  with  incremental  area  subdivisions,  then  calculations  for  pressure- 
time  loading  at  each  of  one-hundred  increments  of  area  are  performed. 

The  total  loading  is  calculated  by  summing  the  incremental  pressures 
over  the  area  for  each  of  fifty  time  increments.  An  example  of  the 
output  format  is  shown  in  Table  III.  The  Fortran  IV  program  is  listed 
in  Appendix  D. 

Figure  11  shows  a  sketch  of  a  rectangular  model  (Model  38-A)  with 
no  openings,  used  in  the  experiments  of  Reference  7.  Predictions  from 
the  machine  program  are  compared  in  Figure  12(A)  with  experimental 
records  obtained  from  Positions  A  and  C.  Figure  12(B)  compares  the 
experimental  pressure  loading  obtained  from  Positions  A,  B,  and  C  with 
the  computer  prediction  and  the  loading  prediction  from  Reference  6 
using  the  method  below. 

The  clearing  time  is  given  by 

t  =  3h'/Crefl  ,  (8) 

where  h  is  height  of  Model  38-A  since  h  <  width/2  and  Crefl  is  the 
sound  speed  for  reflected  shock.  For  Pg  =  5  psi,  and  t£  =  852  usee. 

The  average  loading  curve  is  drawn  as  now  identified.  The  average 
loading  predicted^ in  this  way  is  higher  than  the  experimental  results. 

Figure  13(B)  shows  a  similar  average  loading  comparison  for  Model  37, 
which  has  an  entrance.  The  notation  is  that  used  in  Reference  6. 
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Figure  10.  Notation  and  Equations  for  Computer  Program 
Loading  of  Outside  of  Front  Wall 
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Figure  11.  Sketch  of  Model  38(A),  No 
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Figure  12.  Loading  for  Front  Wall  of  Model  38(A) 
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Tabl*  III.  HxMplt  of  Koehiao  Progrta  Output 
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tc  3  3h  f/Crefl.  ,  (9) 


where 


h  A 
n  n 


t 

<  h 


(10) 


where  is  net  area  of  front,  AR  is  area  of  zones  on  front.  (See 
Figure  10),  hn  equals  the  distance  between  edges  which  relieve  the 
pressure  in  zones  la,  hn  equals  the  smaller  of  height  or  width  for  zones 
lb,  and  hfi  equals  the  distance  between  the  edge  relieving  and  the 
opposite  side  of  zone  2.  6n  equals  one-half  for  the  zones  designated  la 
and  equals  one  for  all  other  zones,  h  equals  the  smaller  value  of  the 

t 

height  or  half-width  of  the  front.  The  values  of  t  equals  392  usee 
for  Model  37,  where  h  ^  equals  4.38  in.  and  Cref  equals  1236  ft/sec. 

A  similar  prediction  can  be  made  for  the  inside  front  wall  of 
Model  37,  where 


h 


if 


h  A 


n  n 
Aic 


3,5  in. 


(11) 


From  Figure  14,  PSQi  equals  1.82  psi,  the  average  inside  peak  pressure 
for  an  opening  17  percent  of  the  total  front  wall  area.  For  the  ambient 
sound  speed,  CQ,  of  1163  ft/sec  for  the  experiment,  then, 

(r  6  P  .\l/2 

1  +  ~J^)  =  1198  ft/SeC*  (12) 


the  speed  of  the  shockwave  inside  with  pressure  P  The  reflected 
pressure  for  P  .  at  an  ambient  pressure,  PQ,  of  14.7  psi  is  found  from 
the  Equation  13: 


Pi-refl 


2  P. 


SOI 


7  P  ♦  4  P  . 
0  sot 


7  P  ♦  P  . 
0  sox 


*3.8  psi 


(13) 
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PERCENTAGE  AVERAGE  PEAK  PRESSURE  TRANSMITTED,  Paoi/Pao 


I  Figure  14.  Average  Transmitted  Peak  Pressure  on  Inside  of  Front  Wall 

i 
- 

i 
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The  clearing  time  for  the  inside  of  the  front  wall  is 

t  =  4  h  if/CQ  =  1  msec  .  (14) 

The  time  for  the  return  of  the  first  reflection  from  the  back  wall  is: 

yiJio  ♦  L./CQ  =  3.53  msec  (15) 

where,  L^/Cg  *  1.79  msec.  The  decay  of  the  peak  pressure  to  the. outside 
value  is  calculated  from  Equation  16: 

3  h'if/Co  =  0.75  msec  .  (16) 

Figure  15  shows  a  comparison  of  particular  loads  on  the  front  wall 
with  the  average  predicted  loads  calculated  from  the  equations  of 
Reference  6.  The  particular  load  may  be  quite  different  from  the 
average  load  calculated  this  way. 

EL  Side  Wall 

Particular  records  from  Positions  17  and  17A  are  compared  in 
Figure  16  with  average  loading  predictions  from  Reference  6.  The  equations 
used  in  obtaining  these  predictions  are  listed  below. 

Calculations  for  the  average  outside,  side  wall  loading  are  as 
follows: 

For  P  »  5.5  psi,  U  =  1336  ft/sec,  P  =  P  ,  P^  =  14.7  psi, 
s  ,r  ’  s  so  s  o  r 

L  =  2.5  ft,  and  h  =  1.167  f. 


t,  55  b/U  »  1.87  msec 
d  o 


E>"  =  P/P  *  0.9  +  0.1  (l  •  P  /P  ^  »  0.94 
s  \  so  0 J 


(17) 


(18) 


is  the  average  pressure  near  the  bottom  of  wall  (zone  3  of  Reference  6) 
when  the  shock  wave  has  reached  the  rear  corner;  P  *  5.2  psi. 


P?  =  p/ps  *  0.5  ♦  0 


■12S  (2  -  Vo)  -  »• 
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(19) 


POS  4 
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w 

CL 
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CL 

DC 
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3/4  tc  tc 


3/2  tc 


-AVERAGE  LOADING 
TM-5-856- 1 


P$+  850 


10 


15  20 

TIME,  MSEC 


25 


(A)  RECORD  FROM  POS.  4  COMPARED  WITH  AVERAGE  PREDICTED 
LOADING  ON  OUTSIDE  OF  FRONT  WALL 


POS.  4 A 


(9)  RECORD  FROM  POS.  4A  COMPARED  WITH  AVERAGE  PREDICTED 
LOADING  ON  INSIDE  OF  FRONT  WALL 


Figure  15.  Comparison  of  Pressure-Time  Records  with  the  Predicted 
Average  Loading  Curves  on  the  Front  Wall 
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OVERPRESSURE,  PSI  OVER.  HESSURE.PSI 


(A)  RECORD  FROM  POS.  17  COMPAREO  WITH  AVERAGE  PREDICTED 
LOADING  ON  OUTSIDE  OF  SIDE  WALL 


(6)  '<ECORO  FROM  POS  I7A  COMPARED  WITH  AVERAGE  PREDICTED 
LOADING  ON  INSIDE  OF  SIDE  WALL 


Figure  15.  Comparison  o*  Recc.-ds  wUh  the  Average  Predicted 
Loading  on  the  Side  Wall 


<6 


and  P  =  4.6  psi,  the  minimum  average  pressure. 


SL/Uo  =  9.4  msec  (20) 

and 

15  h  /U  =  13.1  msec  (2\) 

t 

where  n  is  least  of  L/2  and  h. 

Calculations  for  the  average  inside  pressure  are  as  follows: 

f 

Using  the  values  of  Psoi,  Pi»refl,  U.  hf  ,  and  Cq  calculated 
from  above  and  letting  =  2.083  ft,  the  following  parameters  may  be 
calculated: 


L./U.  =  1.7  msec  , 

1  10  ' 

(22) 

2  L./C  =3.6  msec  , 

1  o  * 

(23) 

1 

h  */C  =0.94  msec 

0 

(24) 

Two  observations  may  be  made  from  the  comparisons  ir.  Figure  16: 

First,  it  is  obvious  that  there  is,  no  loading  at  a  given  position 
until  the  shock  wav*,  arrives  there.  If  an  average  loading  value  were 
used  in  this  case  a  pressure  would  be  predicted,  even  though  in  reality 
one  does  not  exist.  The  second  observation  is  that  a  low  predicted 
value  of  the  average  transmittal  peak  pressure  inside  occurs.  The  back 
wall  reflected  wave  therefore,  is  also  too  small. 

C.  Back  Wall 

A  comparison  of  records  from  Positions  25  and  25A  (center  of  back 
wall)  is  made  in  Figure  17  with  average  loading  predictions.  The  loading 
predictions  were  again  made  using  the  methods  of  Reference  6. 

Calculations  for  the  out:.ide  loading  are  as  follows: 

t,  =  L/U  =  1.87  msec,  h  =  lesser  of  h  or  W/2  -  W/2  =  .833  ft 
a  o 

i 

Back  wall  buildup  time,  =  4  h  /CQ  -  2.87  msec.  (25) 
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OVERPRESSURE  ,  PS  I  OVERPRESSURE ,  PS  I 


POS.  25 


(A)  RECORD  FROM  POS  25  COMPAREO  WITH  AVERAGE  PREDICTED 
LOADING  ON  OUTSIDE  OF  BAC*  WALL 


(8)  RECORD  FROM  POS.  25A  COMPARED  WITH  AVERAGE  PREDICTED 
LOADING  ON  INSlOE  OF  BACK  WALL 


Figure  17.  Comparison  of  Records  with  the  Average  Predicted 
Loading  on  the  Back  Wall 


48 


(26) 


tw«*  *  pSb  i1  *  (>  ♦  ■ 

which  gives  the  average  peak  pressure  at  buildup  time,  t^. 
Ps0=  Pgjj  *  =  5.5  psi,  for  step  shock  wave. 


8  =  0.5  P  /P  =  0.187 


SO  0 


and 


(27) 


(P.  ,)  =4.6  psi 

back-' max  * 


back 


(P,  J 
back  max 


sb 


1  - 


(P.  , ) 

back' max 


sb 


t  -  (t. 


V 


t  -  t. 
o  b 


(28) 


Calculations  for  average  loading  on  the  inside  of  the  back  wall  are 
as  follows: 

I 

t,  =  L./U.  =  1.7  msec  and  h  L. ,  since  there  are  no 

d  i  10  lb  l 

openings  in  the  back  wall.  2  L./Cq  =  3.6  msec. 


3  h  .,/C  =  3  L/C  =5.4  msec 
ib  o  10 


(29) 


SOI 


1.82  psi,  P^  re£j  =  3.8  psi,  and  Pg  +  0.85Q  =  5,9  psi. 


Fcr  a  step  shock  wav*  the  positive  duration,  tQ,  approaches  infinity, 
**back  ~  ^back^  max* 

The  major  differences  between  the  average  loading  predicted  and  the 
data  records  occur  again  for  the  inside  loading.  The  reason  for  this 
was  previously,  an  ur.derprediction  of  Pso^  and  therefore,  P^  re£j-  if 
the  predicted  value  for  P^  re^  should  be  much  higher  than  the  outside 
pressure,  then  p^„refj  would  fall  to  Pgt  ,  instead  of  Pg  +  0.85Q  as 
predicted. 

The  underprediction  of  Pso£  seems  to  be  a  serious  deficiency,  of 
the  method. 
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V.  SUMMARY  AND  CONCLUSIONS 


The  Appendixes  of  this  report  contain  the  pressure-time  loading 
records  from  the  differential  loading  experiments,  a  computer  program 
used  to  predict  the  outside  wall  loading  from  a  step  shock  wave  for  the 
case  of  a  single  opening;  high  speed  photographs  of  the  two-dimensional 
basement  model-shock  wave  interaction,  and  tables  of  the  flow  calcula¬ 
tions. 

From  these  data  the  following  conclusions  appear  valid: 

1.  The  time  that  is  required  for  reflected  pressure  to  clear 
from  the  outside  front  wall  is  proportional  to  the  wall  half-width  or 
height  dimension,  whicFei'er  is  smaller.  The  proportionality  appears 
also  to  hold  for  the  front  wall  with  an  opening.  The  clearing  time  is 
not  proportional  to  a  weighted  sum  of  the  opening-edge  dimensions  as 
indicated  in  Reference  6. 

2.  The  internal  reflections  on  the  inside  walls  are  more 
complex  than  is  assumed  in  previous  prediction  methods.  This  causes 
larger  inside  loads  than  were  predicted  before.  It  is  possible  that  an 
osciHitory  loading  function  could  be  used  to  account  for  the  reflections 
from  the  side  walls. 

3.  The  side  and  top  wall  areas  influenced  by  the  vortex 
motion  from  the  model's  edges  are  localized  near  the  edges  and  the 
effects  of  vortices  does  not  seem  to  extend  too  far  from  the  edge  (some 
few  inches) . 

4.  The  basement  shelter  mcdel  results  are  quite  preliminary, 
but  they  appear  to  show  a  strong  air  flow  direction  towards  the  floor 
from  the  entrance  above.  Additional  experiments  are  being  started  with 
larger  three-dimensional  models  instrumented  with  stagnation  pressure 
transducers.  It  is  planned  to  continue  this  phase  of  the  work  through 
the  next  work  period. 

5.  Clearing  time  for  the  front  wall  and  frequency  of  internal 
pressure  reflections  should  scale  for  a  full  size  room.  An  example  is 
given  in  Appendix  E. 
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APPENDIX  A 

PRESSURE-TIME  RECORDS 
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Figure  A-1.  Records  from  Front  Wall  -  Model  37  (Continued) 
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Figure  A-2.  Records  from  Side  Wall  -  Model  37  (Continued) 
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Figure  A-2.  Records  from  Side  Wall  -  Model  37  (Continued) 
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Figure  A-2.  Records  from  Side  Hall  -  Model  37  (Continued) 
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Figure  A-2.  Records  from  Side  Wall  -  Model  S/  (Continued) 
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Figure  A-3,  Records  from  Rear  Hall  -  Model  37 
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Figure  A-3.  Records  from  Rear  Wall  - 
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Model  37  (Continued) 
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Figure  A-3.  Records  from  Rear  Wall  -  Model  37  (Continued) 
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Figure  A-4.  Records  from  Model  33 
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Figure  A-4.  Records  from  Model  38  (Continued) 
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Figure  A-4.  Records  from  Model  38  (Continued) 
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Figure  A-5.  Upstream  Input  Records  (Continued) 
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APPENDIX  B 


COMPUTER  PROGRAM 


Preceding  page  Plank 
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•  ter*  nr  /tnnritnTv 
uot  v/r  nrrLiiuiA 


The  computer  program  for  predicting  che  outside  front  wall  loading 
is  written  in  Fortran  IV  with  slight  changes  for  the  BRL  computer. 

The  input  data  needed  are  listed  at  the  end  of  the  main  program. 

The  first  line  includes  the  width  of  the  front  (ft),  the  height  of  the 
front  (ft),  the  two  x-coordinates  of  the  opening,  and  the  two  /-coordinate 
of  the  opening  measured  from  the  lower  left  corner  of  the  outside  of  the 
front  wall  (looking  at  the  front).  The  second  line  of  input  data  includes 
the  reflected  shock  front  pressure  (psig),  the  stagnation  shock  front 
pressure  (psig),  the  shock  front  speed  (ft/sec),  the  length  of  the  side 
wall  (ft),  sound  speed  in  reflected  pressure  region  (ft/sec),  and  total 
duration  of  the  input  shock  wave  (see).  The  third  line  specifies  a 
new  set  of  input  conditions  for  the  case  in  which  there  is  no  wall 
opening.  The  negative  numbers  (-10's)  replace  the  coordinates  for  the 
opening.  The  last  line  har  the  same  meaning  as  line  two. 


Preceding  page  blank 


83 


*  TB  175  OCO  LOADING  OF  STRUCTURES-COULTER  4911  1 

♦  L I  ST ( ST  ART )  A4 

S  MAXT C  5>MINS.  3 

$  NAXO  C  8000 (LINES  4 

C  OUTSIDE  FRONT  WALL  -  SINGLE  OPENING  2 

DIMENSION  W( 10),HC10),TC50),P410,10,50),PTC 1C, 10, 50 ) .FORCE ( 10, iO ,5  5 

10  *  A5 

l  FORMAT 1 6F 12*  5 )  6 

?.  FORMAT C IH1 » 1X.4HW-FT ,7X,4HH-FT  »7X»8HT  IME-SEC ,  7 

13X, 12HPRESSURE-PSI ,5X»9HF9RCE-LBS, 5X» 11HP-T  PSI-SEC///)  A7 

3  FORMAT ( 3X, 7H0PEN ING 1  8 

4  FORMAT C  2 ( F6. 3,5X ) ,F9#6,5X,F6»3, 10X.F6.3, 8X,F 10.6 1  9 

510  READ<5,1»WD,HT,A1, A2, 81,92  10 

IF( WD)500, 500,520  A10 

C  PLACE  BLANK  CARO  AT  ENO  JF  DATA  CAROS  AA10 

520  READ (5,1)  PREF,PSTAG,U.xL,CREF»TO  11 

WRIT£(6,2)  12 

C  IF  NO  OPENING,  PUNCH  ALL  NEGATIVE  NUMBERS  FOR  Al,A2*Rl»AN0  B2.  13 

Hi  11 =0.0  14 

H ( l ) =0.0  A14 

IFCAl.LT. 0.0)27, 28  AA14 

27  AFR0NT=WD*HT  AAA14 

GOTO  33  AA814 

28  AFR0NT*WD*HT-CA2-A1)*CB2-81)  A14 

33  DELW=WD/20.  15 

DELA=0.01*HT*W0  A17 


L  =  1 

DO  300  1*1,10 
W ( I) *W(L ) ♦DELW 
CELW=WD/10« 

L*  I 
M*  1 

H( 1) =0.0 
0ELH=HT/20. 

DO  300  J=i,10 
H(J>=H(M) ♦OELH 
0ELH=HT/10. 

M= J 

Tll)=0 

PT ( I , J, l 1 *0 

N=1 

KK=l 

CELT  =  (WD/U)/ 1000. 

00  300  K=l»50 
TCK) =T(N)»OELT 
N=K 

IFCAl.LT. 0.. AN 0.B1.LT.0. JGOTO  100 
IFCwC I 1 .GT.A 1. AND. WC I 1.LT.A2)  29,32 
29  IFCHC Jl.GT.Bl.ANC.HC J1.LT.B2)  31,32 

100  IFCWCI1.LE.WD/2..AND.WCI 1 .LE.HT-HC J) (GOTO  110 
I  F  ( M  (  1 1  .LE.WD/2.  .  AND.WC  I  l.GT.HT-HC J)  1G0T0  120 
IFCWC  Il.GT. WO/2.. AND. WO-WC II. LE.HT-HC  JHGOTO  130 
i F(M ( ! ? . GT.WD/2. • ANO. WD-W C Il.GT. HT-HIJ) IGOTO  120 
STOP 

UO  C  =  H(I> 


B17 

18 

19 
AA 19 

A19 

B19 

C19 

D19 

20 
21 

AA21 

A21 

22 

23 
A23 
B23 
C23 

24 

25 
A25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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0R*AMIN1(M0/2««H?  )  A34 

GOTO  SO  35 

120  D«HT-H<J)  36 

0R*AHIN1(HD/2.«HT  )  A36 

GOTO  50  3? 

130  0*W0-W(I)  38 

0R»AM1NI(WD/2.»HT  )  A38 

GOTO  50  39 

32  IFfWm.LE.Al.ANO.HOUlT.Bl)  GOTO  5  AO 

I F (M ( 1  >. LE.Al.AND.HU). LE.B2iG0T0  6  41 

IF(WU>.LE.A1.AND.H|  J).lE*HT»G0T0  7  42 

!F(Wm.LE.A2.AM0.H(J)«L£«Bl)  GOTO  8  43 

IF(MU).LE.A2»AN0«»<U).LE«HT)G0T0  9  44 

IF(W(I).LE»WO.AND.HU)al.T.BUGOTO  11  45 

IF(W(1)«LE.U0.AN0.H(J).LT«B2)G0T0  12  46 

1F(W<I).LE.W0»AN0«HU).LT«HT)G0T0  13  47 

STOP  48 

5  01*SQRT ( ( Bl-H( J I )**2*l Ai-WI I ) 1**2)  49 

D*AMIN1(W( I ) *01)  50 

DR*A1  A50 

GOTO  50  51 

6  D=AMNHWU)  ,A1-W5I),:HT-HJ  J))  52 

0R*Al/2.  A52 

GOTO  50  53 

7  Ol«SQRT(CHf  J»-B2»**2*{A1-W<n»**21  54 

0*AMINl(W(n  fOlfKT-HU))  55 

0R*AHIN1(AI'HT-B2>  A55 

GOTO  50  55 

8  G*AMlNl(Wtn  ,81-H(  J>»WD-HU))  57 

DR«B1  AV7 

GOTO  50 

9  D*AM1N1(W(I) tHT-HlJ).H(J)>B2fM0>Mlin  59 

OR*l HT-B21/2*  *59 

GOTO  SO  60 

11  0l*SQRT(IBl-HC4)19*2+(mi»-A21*921  61 

0*AK!Nl<Bl~H(JI.Wm?01)  62 

OR*MO— A2  A62 

GOTO  50  63 

12  D*AMIN1 ( I ) t W( I )-A2t HT-H( J i )  64 

0R*( WD-42  J/2*  A64 

GOTO  50  65 

13  01CSQRT ( IHf  J  J-B2  l**2'MW(  I  )-A2)**2)  66 

0»AMINn0itW0-W(I),HT-H(J)'Wm)  67 

0R*AMINI(MD-A2»HT-B2>  A67 

50  TR*D/CREF  68 

OR*AMINUUO/2..HT  )  A68 

TC*2»5»0R/CREF  69 

IF(T (K)*LE«TR)GOTO  10  70 

IF(TIK).GT*  TR  . AND.T(K>.LE.TC>G0T0  20  71 

IF(TC.LT.TfK).AND»T(K).LE.TOiGOTO  30  72 

10  PUtJ,K»*PREF  73 

GOTO  200  74 

20  IF( T ( K ) »GT« TR« AND»T t K > «LT« ( 2»5*TR ) I GOTO  22  75 

21  PII,  J,K)*PREF*EXPI-.36*<T!X)-2.5*TR)/(TC-2*5*TR>>*.70  A75 

GOTO  200  AA75 

22  PU,  J,KI*PREF*EXP(-0.2320*IT(K1-TRI/7R)  875 

GOTO  200  76 

30  P(l, J,KI«PSTAG  77 

200  DELPT*P( I»J«K)*OELT  78 

PT ( 1 1 JtK)*PT I  It J»KK)40ELPT  79 


86 


31 

530 

210 

310 

330 

300 

320 


KK*K 

FORCE  I  I , J,K)«P( 1, J,K)*DELA 
FORCE { I* J*K) *FQRC£( I* J*K)*144. 
GOTO  210 


CELT* ( XL/U)/ 10. 
IF(K.EQ.50)G0T0  530 
GOTO  300 
WftITEC6,3) 

GOTO  300 


WRITE(6*4)W(  I >  *H(J ) *T(K‘ c  P( I *J*K) tFORCEI I » J«K>  «PT(  I 
IFJK.EQ.50)  MR ITEJ 6*2 )  *  1 

IFJTJKI.LE.J  3.OW0/2.  1/1)1310*330 
DELT  * ( HD/U)  /23. 

GOTO  300 
0ELT=JW0/U)/6.5 
CONTINUE 
WRITEC6*55) 

00  350  N*l» 50 
MK*0 


*  J*K  1 


FTOT  AL*0 

ptotal*-g 


00  350  1=1,10 
00  350  H*l» 10 
IF(P(L,H,N).GT.0. )MM*MH>1 
FT0TAL=FT0TAl*F0RCE(L,N*N) 
PTOTAL*PTOTAl>P(L,M,N) 

I F ( L . EG* 10. AND.M.EO. 10 )  340*350 
340  IFJMM.EQ.C  IGOTO  345 
PAV=PT0TAL/FL0ATIMM) 

GOTO  344 


345  PAV-O. 

344  WRITE(6*66)TJN)*  FTOTAL*PAV 
350 

55 

66 
500 

♦ 

♦ 


1  •  667 

1.167 

0.5 

1.167 

0.0 

•  542 

1 2  •  Z 

5.96 

1292. 

2.5 

1232. 

-4 

•  698 

.348 

-10. 

-10. 

-10. 

-io. 

l  !•  6 

5.58 

1284. 

.25 

122  7. 

.015 

CONTINUE 
GOTO  510 

FORMAT! 1H1 *20X * 14HF0RCE  ON  FRONT  ///,5X 

ieHYIME-sEC*10X,15HT0TAL  FORCE-LB*  5X.20HAVERAGE  PRESSURE-PSI// ) 
FORMAT ( 3X.F10.6* 10X,F9.1, 19X.F9.2) 

END 

LIST 

DATA 


A79 

80 

A80 

81 

A81 

82 

A02 

682 

83 

84 
A84 

AA84 

AAA64 

AA684 

AAC84 

884 

85 

86 

A86 

87 

A87 

88 

89 

A89 

90 

A90 

91 

9A91 

A91 

AC91 

AA91 

92 

93 

94 

95 

96 

97 

98 

99 
100 


APPENDIX  C 

HIGH  SPEED  PHOTOGRAPHS  -  MODEL  39 
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Figure  C-l.  Shadowgraphs  of  a  Shock  Wave  Entering 
Model  of  Basement  Shelter  -  P$  =  5  psi 
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Figure  C-l.  Shadowgraphs  of  a  Shock  Wave  Enlrring  Model  of 
Basement  Shelter  -  P$  *  5  psi  (Continued) 
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Figure  C-l. 


Shadowgraphs  of  a  Shock  Wave  Entering  Model  of 
Basement  Shelter  -  Ps  5  psi  (Continued) 
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Figure  C-2.  Shadowgraph  of  a  Shock  Wave  Entering  Model  of 
Basement  Shelter  -  Pg  =  10  psi  (Continued) 
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Figure  C-2.  Shadowgraph  of  a  Shock  Wave  Entering  Model  of 
Basement  Shelter  -  P  =  10  psi  (Continued) 
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APPENDIX  D 

AIR  FLOW  TABLES  AND  VECTOR  PLOTS 
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USE  OF  APPENDIX  D 


Appendix  0  consists  of  two  parts.  The  first  consists  of  tables  of 
the  results  of  the  calculations  made  from  measurements  from  che  smoke 
grids  and  the  second  consists  of  time  plots  of  the  first  vertical  row 
of  grid  intersections  taken  from  the  photographs  of  Appendix  C. 
Additional  plots  of  velocity  vector  fields  computed  from  several  grid 
intersections  are  shown  for  a  few  discrete  frame  times  to  illustrate  the 
many  directions  of  flow  throughout  the  model. 

The  tables  list  the  frame  time  in  microseconds,  the  x-y  coordinates 
in  inches  as  measured  from  an  origin  at  the  inside,  lower  left  bottom 
of  the  model,  the  average  velocity  of  a  particular  smoke  grid  inter¬ 
section  (.positions  in  frames  behind  and  ahead  of  the  given  frame  in  time 
are  used  to  find  the  average  for  the  known  camera  framing  speed), 
average  angle  of  flow  direction  measured  from  a  horizontal  axis,  the 
. -..tity  obtained  from  the  grid  size  and  ambient  grid  area  (density),  and 
Q  v  \ual  to  one-half  the  density  times  the  velocity  squared) . 

The  first  plot  of  each  of  the  figures  shows  the  path  of  smoke  grid 
intersections  followed  from  some  initial  time  labled  "start"  to  end 
times  "T."  Each  path  of  the  plot  starts  at  a  dot  and  ends  at  a  time 
symbol,  circled  number.  The  remainder  of  the  plots  for  each  figure  show 
average  velocity  vectors  for  many  grid  intersections  for  discrete  times 
"T."  The  vector  magnitudes  are  scaled  at  1  in.  =  200  ft/sec.  The  shot 
number  is  given  for  a  reference  with  the  photographs  of  Appendix  C. 
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Table  D-I.  Flow  Calculations  -  Shot  359 


i  IUE 

u*nsgc 


4i  ,?.n 


82.40 


X 

? 

IMUiF.S 

INCHES 

FT/SEC 

0.2670 

2.053/ 

54.2 

0.24A1 

1.6019 

8  3.  ft 

0.2646 

1.266/ 

4 

0.2646 

0.8537 

36,4 

0.264b 

0.0093 

29.2 

0 . 06 1 1 

2.19U7 

15,0 

0 . o648 

1.7066 

72.1 

(1./G93 

1.2685 

37.9 

0.6593 

0.916/ 

46.5 

0.t>944 

O.uObb 

34,6 

1.0362 

2.252/ 

27.4 

0.9646 

1 .711 1 

SI  .6 

0.9615 

1 . 3481 

20.1 

0.9615 

0.9574 

42.4 

0.9796 

0.0037 

5.8 

1.0669 

2.2574 

17.2 

1.3669 

1.60(i(i 

98.4 

1.3963 

1.3796 

24.4 

1 .3556 

0.9981 

30. 1 

1.3907 

G.oObO 

7.3 

9.2505 

2.068b 

34,5 

0.2793 

1.6414 

58,3 

0.2793 

1.2160 

39.7 

0.2793 

0.8486 

39.6 

0.2793 

0.0036 

30.5 

0.6360 

2.113b 

23C.5 

0.691? 

1.6450 

141.7 

0.6096 

1 .2847 

56.1 

0.6739 

0.8901 

28.6 

0.6739 

0.0036 

5,6 

1.1)018 

2.1982 

153,6 

0.9766 

1.6793 

97.8 

0.9712 

1.3171 

42.3 

1.0106 

0,9504 

48,7 

1.U09C 

G.0036 

30.0 

1.2775 

2.2631 

98.2 

1.2775 

K6811 

95.1 

1.3387 

1.3766 

103.6 

1.3387 

l.uiOB 

34,5 

1.3387 

0  .  u036 

9.5 

Tl  ,-.TA 

IFOSITY 

(. 

1EGRFCS 

SLUOS/CilFT 

LO/O'iF  1 

132.3 

.01.2115 

3.11 

62.7 

.f.  Cl  993 

4.03 

43.2 

.riiiobii 

1.56 

-3^.9 

.01:2226 

1.46 

n.n 

.01-2228 

i;  .98 

104.n 

,0(  205/ 

n.2J 

20.7 

. 002642 

6  .  *>6 

(44.8 

.0«-24?5 

1  .79 

"41.8 

,0f:27f,6 

2.02 

o.o 

,  f>(:27  r-h 

1  ,6i£ 

bf  .2 

.CL- 1582 

tl.  1,9 

“78.4 

.05:1957 

-95.2 

t0i;?ii45 

•  1.41 

-25.5 

.01:2122 

1.01 

"16.4 

.01.2122 

u  ,  t,  a 

"22.0 

.Of:  1957 

i.-.?9 

-91.1 

,002045 

9,9ii 

26.8 

.002122 

li ,  83 

1C4.0 

.0C2122 

0.06 

180.  ft 

.001957 

0.06 

-77.5 

.002158 

1.28 

-42.4 

.002323 

3.9b 

-70.7 

.002141 

1.69 

41,2 

.002362 

1.&7 

-10.6 

.002362 

1.10 

-38.7 

.002x92 

58.22 

-«4.5 

.002650 

26. Cl 

£5.7 

.002027 

3.19 

-11.3 

.00247/ 

1.02 

160.0 

.002477 

0.C4 

>127.6 

.001927 

22.72 

-53.6 

.002877 

13.75 

>102.8 

.0.02446 

2.18 

-2.2 

.002513 

2,98 

o.o 

.GC2513 

1.13 

>145.1 

.002877 

13.07 

-147.0 

.002445 

11.06 

-167.5 

.0,02513 

13.49 

-40.4 

.002513 

1.50 

-168.7 

.002677 

0.13 

NOT  REPRODUCIBLE 
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Table  D-I.  Flow  Calculations  -  Shot  359  (Continued) 


i  HF. 

IILKPSEC 

120.60 


I6<a  .r.u 


X 

Y 

U 

INCHES 

INCHES 

FT/SEC 

0.2944 

2,0204 

128.7 

0.2907 

1,5630 

141.9 

0.2778 

1.2296 

47.4 

0.2944 

0,8796 

6.6 

0.2944 

C..J037 

5.5 

0.0389 

2. 0481 

136.7 

0.7640 

1  «b074 

130.7 

0,7 593 

1.2926 

99,9 

U.be70 

0.9111 

35.1 

0.6869 

0  .  U05b 

3.6 

0.9426 

2  . 1  o33 

169.6 

1.0222 

1.6333 

78,4 

0.9722 

1.3074 

74,2 

1.0296 

0.9556 

62.9 

1.O093 

0,003/ 

7,5 

1.3093 

2,2019 

108.7 

1.3C93 

1 ,750u 

70,9 

1.2963 

1,3574 

23,7 

1.3776 

0.9722 

18.8 

1.3615 

0.0037 

9.3 

0.2847 

1,9459 

219,2 

0.2486 

1.5045 

i»1.7 

0.2811 

1.1712 

118.5 

0.282^ 

0.8541 

126.1 

0.2647 

0,003b 

82.4 

0.637? 

1. *784 

i82.3 

0 .6090 

1 .5459 

150,6 

0.b703 

1.2072 

147.1 

0.6665 

0.8559 

86,3 

0.6703 

0.003b 

11.4 

0.9946 

2.03ufr 

229,9 

1.0600 

1.O054 

92.2 

1.0054 

1.2523 

107,9 

0.9874 

0.902/ 

54,3 

1.3018 

0.U054 

20.7 

1.365ft 

2.2018 

146.3 

1.3441 

1.7027 

1.3477 

1 ,355u 

1.3477 

0.9946 

38,2 

1,3477 

0,0054 

13,1 

thfta 

DENSITY 

u 

DEGREES 

SLUGS/Curt 

LB/SOFT 

-74.4 

. OC 1 704 

14.10 

-102,6 

.002168 

21. C3 

-87.8 

.001892 

2.13 

56,3 

, 002302 

0.05 

c.n 

,002302 

0.C3 

-89.2 

,004160 

3  fc.C? 

-129.9 

,004089 

34.90 

-51.7 

.002672 

13.33 

-99.0 

.002493 

»  .53 

160.0 

.002493 

0.02 

-92.5 

.001915 

27.55 

-72.4 

.003014 

9.26 

-62.2 

.002457 

6.76 

-112.1 

.002346 

4.65 

166.0 

.002346 

0.07 

-34.8 

.003014 

17.80 

18.0 

.002457 

b.  17 

-67.4 

.002346 

0.66 

-6O.0 

.002346 

0,41 

11.3 

.003014 

0.13 

-91.5 

.002504 

60.14 

-91,2 

,062619 

43.23 

-84.6 

.002317 

16.27 

-130.8 

.002458 

19.56 

180,0 

.002458 

8.35 

-94.7 

.002217 

36.82 

-95.7 

.002401 

27.22 

-132.4 

.002379 

25.7b 

-66.3 

.002695 

10.  C4 

170.5 

.002696 

0.17 

-67.0 

.001857 

49.09 

-64.2 

.002675 

11.38 

-51.3 

,002503 

14.58 

-92.0 

.002433 

3.59 

5.2 

.002433 

0.52 

-50.2 

.002675 

28.61 

-60.1 

.002503 

-77.8 

.002433 

“1C1. 3 

.002433 

1.78 

0.0 

.602675 

0 . 23 
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Table  D-I.  Flow 

Calculations 

-  Shot  359 

(Continued) 

:  * 

H: 

=  l 
l  * 

1 1  *  if. 

X 

) 

i! 

Tl  fH 

•iF'.sn  * 

t* 

:  L 

:  i 

'Kfif-src. 

II-CiiF.S 

1 1  l.iiE.3 

FT/3f C 

.'.Ltrrf.s 

SLi'6  *,/r.nr  1 

(_o/  Ci-'f 

k  2 
:  £ 
s  t 

20o*r.u 

0.2R8y 

1 .6  •’3/ 

193,2 

-90.'* 

.f.  0  1596 

36  e  ,0 

E  i 

n.267f 

1 .3633 

57.2 

-C9.3 

.01 3029 

4.06 

K'  # 

U.2CG9 

l. 1 13o 

27.0 

-97 .6 

.('1:2068 

I-.79 

9 

(1.21 3o 

9.7852 

124,7 

-127.') 

.01.211/ 

1  *  •  ( 

9 

0.213,. 

u  .  i<  v  3  / 

Ci ,  6 

—  161  .6 

.0021  1/ 

0.f  ' 

9 

li*02/'  1 

) .8866 

298.9 

-M.? 

.Pi’ 3762 

1  6  8  *  .  *' 

i 

0.7500 

i 

?  2  o  .  6 

-36.6 

.01.3213 

83.  ‘  *• 

1 1 

P.hMl 

1  .  ir»52 

77.7 

-140.7 

.01:2225 

6.72 

[ ! 

0  •  892* 

u .  »26y 

39.4 

-153.7 

.  (Ii:26'i7 

2.  "3 

0.6778 

n.  i,67  a 

24,i* 

-171.3 

.01.2697 

ii./- 

p| 

1  ,u316 

1.9241 

185.9 

-68.9 

.ft:  14  38 

24.  '  r. 

1. 1»  3 15 

1.5426 

106,2 

-v  f-,6 

,r.i*2t94 

1  5 .  !  :• 

v  r 

1  ,o3<-9 

1 . 2?4  J 

10  4.6 

-C  4.9 

.  f*  i :  5  7  (i 

?w.  4i. 

1  I 

1  .0276 

u.w'  •'  9 

6  3 . 0 

-19.2 

„(  (.259  8 

8  .  f, « 

;  I 

1  .  U 2':h 

0  . 

*3.8 

-1.6 

.01:2506 

5 . :  i 

;  | 

1  .401* 

?,  09<i/ 

174.6 

-13.9 

.062694 

4  1  .  :4 

t 

1 .3870 

1  ,J.'36 

121  .(■ 

13.0 

.Pl:537i! 

39,  {  / 

r  j| 

1 .3R7u 

0.937.1 

76,1 

-47.9 

.01.2508 

/.;•/ 

t  1 

1 .37  ('4 

0.9352 

77.7 

-60.7 

,0i 2506 

/.:  / 

?  £ 

1.3944 

0 , 0  G  3  7 

51.1 

-2.'* 

,M;269  4 

3.51 

24/ .20 

0.284/ 

1  ./56u 

127.4 

-5  U  .  9 

.01.2391 

1  9 . 3*f 

II 

0.2773 

l.*Sb9 

76,9 

-e»7 .2 

.01.27811 

8.13 

0.2775 

1 .144 1 

76.0 

-lf-3.0 

.002159 

i  i 

0 .2072 

fi./36e 

16J  .1 

-70.4 

.0..2524 

28  ,  (J1, 

1 1 

0.2793 

0  .  o  -i  1 8 

50.6 

-2.1 

.('(  2524 

<  *»  < 

<7  •  0  v 

\  1 
’  C 

0.6108 

1.738/ 

199,  C 

-70.2 

.Of  4576 

mi  „  .,o 

|  | 

0.7926 

1 . 4  1  44 

104.4 

-57.6 

.002684 

18.73 

?  f 

O.blOS 

1  .  1569 

145.8 

-62.4 

.01  1979 

21.  "2 

\  i 

0.6466 

0.8234 

11C. 6 

-71.3 

,f  02.166 

13.28 

f  i 

0 .0466 

(l.tjOfK. 

60.6 

-2.1 

.P 02 165 

2.77 

I'  * 

i  ! 

0.9982 

1  a  h4bo 

211.1 

-63.7 

.001747 

38.8 1; 

i 

l  .  ii 6 67 

l  .5243 

152.1 

-52.0 

.01.2043 

27.1f 

k  | 

1.0649 

1.1676 

13*1.3 

-50.1 

.002.848 

28.  (.6 

c  t 

c  f  . 

l ,u649 

0 .  c757 

136.4 

-44.4 

.00  27 -'6 

2*i.  •  8 

f  | 

1  ,u64v 

P  .  U'~3t> 

93.7 

-1.1 

.00270* 

11  .“,/ 

r  1 

1.5333 

2.  16(:4 

Z\t..b 

9,5 

.002343 

53.  V5 

f  ? 

«  i 

l.«613 

1.7297 

31.8.7 

64.6 

.002848 

) 28.69 

r  i 

1.3982 

1.2991 

301.5 

71  .9 

.0(2706 

122.96 

1.3964 

0.9351 

123.1 

-26.2 

.002706 

2<i.5 1 

e-  - 

1 .3982 

O.u036 

86.2 

-1.2 

.0.02343 

6.75 

not  reproducible 
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Table  D-X.  Flow  Calculation*  -  Shot  359  (Continued) 


?  i'je 

•'icnosEc 

268.4ft 


329.60 


X 

Y 

U 

INCHES 

INCHES 

FT/SEC 

0,2889 

1,6778 

147.6 

0,2907 

1.3074 

273.5 

0,2722 

1,040/ 

160,6 

0,2630 

0.6444 

80.2 

0.2630 

0.U019 

7.3 

0,8907 

1,6833 

136.6 

0.8056 

1.3722 

110.1 

0.7278 

1.U574 

138.1 

0.7278 

0.7222 

71.6 

0.7278 

0.0056 

72.9 

1.1241 

1.717U 

274.6 

1.124J 

1.4241 

167.9 

1,1241 

1.1222 

69.6 

1.1241 

0.6C74 

105.9 

1.1222 

0.0037 

7.5 

1.6111 

2.1259 

194.4 

1.5148 

1.5741 

218.4 

1.4796 

1.22U4 

158., 5 

1.4796 

0.8815 

97  „  9 

1.4796 

0.U019 

67 1. 4 

0.2865 

1 ,609g 

121. S 

0,2665 

1.1856 

28,2 

0,2865 

0.9856 

64.6 

0,2865 

0.7586 

88.7 

0,2865 

0.0016 

95.5 

0.6162 

1.6036 

239.7 

0.8162 

1.3081 

145.5 

0.7207 

1.0775 

73,9 

0.7171 

0.8144 

55,7 

0.7189 

0.9018 

37.5 

1.1838 

1.6486 

162,6 

1.1261 

1.3694 

95,7 

1.1117 

1.1171 

68,2 

1.1117 

0,7820 

42.3 

1.0577 

0.0016 

43.1 

1.7243 

2.1387 

157,3 

1.5333 

1.5261 

140.9 

1.5063 

1.1856 

105,5 

1.4649 

0,8667 

87, 1 

1,4649 

0.9036 

80,6 

TKETA 

DENSITY 

u 

DEGREES 

8LUGS/CUFT 

LB/ SOFT 

-69.3 

.002051 

22.35 

-88.1 

.002405 

69.94 

-86.7 

.001785 

23.02 

1.3 

,002555 

8.22 

0.0 

.002555 

0.07 

-67.7 

.004221 

39.46 

-77.6 

.002833 

17.1/ 

-36.4 

.002109 

20.12 

-7.3 

.002553 

6.55 

1.4 

.002553 

6.79 

-46.9 

.001725 

65. 03 

-69,0 

.002ft«« 

37.87 

-47.1 

.002667 

6.47 

-63.4 

.002704 

15.18 

-166,0 

,002704 

0.08 

-6.5 

.002668 

50.79 

-70.5 

.002667 

63.63 

—46.4 

.002704 

33.99 

-45.0 

.002704 

12.97 

0.0 

.002688 

6.11 

- 1 1  *1 . 6 

.002034 

15.  C2 

-93.8 

.003391 

1.34 

-29.5 

.002635 

5.9; 

45.9 

•0023B3 

9,38 

-1.1 

.002383 

10. 87 

-134.7 

.003694 

106.12 

-124.5 

.003736 

39.52 

-59.5 

.002312 

6,31 

47.7 

.002623 

4.07 

-2.9 

.002623 

1.84 

-54.8 

.001782 

23.57 

-30.6 

.002772 

12.70 

-52.8 

,002569 

5.97 

12.8 

.002607 

2.33 

-2,5 

.002607 

2.42 

0,0 

.002772 

34.30 

-23,5 

.002569 

25.50 

-16.5 

.002607 

14.50 

-25.5 

.002607 

9.89 

1.3 

.062772 

8.99 
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Tahln  n_T 


PI  AW  Pol  A»  >1  nfi  An  0 


A> 


_  c Urs+  ten  rr. 

-  wuv  v  ^  v«’ 


me 

MUPf'SFC 


37o.Ao 


412.ro 


X 

V 

11 

I'JCfIF.S 

I  hCilF  5 

FT/Ste 

0.2369 

1.5685 

146.  u 

C.26A9 

1  .2796 

6.6 

0.3276 

1 , 0  0Vo 

23.7 

0.3241 

0.7074 

50.6 

U.3S/4 

0.0000 

8.1 

0./241 

1  .5148 

156.9 

0.7/41 

1 .253/ 

135.6 

U.7646 

0.9944 

123.2 

0.7M8 

0.7  6,5  u 

140.5 

0.7646 

0.003/ 

76.6 

1.2167 

1.1-G66 

145.9 

1.2066 

1.3759 

117.4 

1.1648 

1 .0685 

143,8 

1.1646 

0.816/ 

1U5.7 

1.1648 

0.0")9 

140,3 

1,7667 

2.  125 

177.7 

1.6426 

1.5185 

109.6 

1.5796 

1.190/ 

97,9 

1.5574 

0.644a 

107.0 

1.5593 

0  .  U  0  3  / 

134.9 

0.2270 

1.4775 

124.0 

0,2829 

1.160? 

114.3 

U.3C81 

0.9040 

163.0 

0,3117 

0.7153 

61.6 

0.2793 

0.0054 

33.fi 

0.6234 

1.448b 

364.3 

0.6016 

1.1748 

324.6 

0.7836 

0.*676 

165,6 

0.7946 

Q,o991 

130.9 

0.7946 

0.uC3o 

73.1 

1.1764 

1.5045 

278.6 

1.2036 

1.2629 

197.5 

1.2342 

1 . u45o 

151.1 

1.2G0C 

0./261 

166.8 

1.1964 

0.  tlTSo 

140,5 

1 . 89° 1 

?  .  1 2  0  / 

190.6 

1.6072 

1.4468 

231.0 

1.5910 

1.1387 

159.4 

1.5676 

0.8414 

122.5 

1.5982 

0 . 0  0 1 8 

112,4 

Th  FT  A 

OFf  Si  TV 

u 

r.EORKfO 

bLUCS/CllF T 

LH/S'.T 

-114.3 

.01,3084 

32.';/ 

-123.7 

.002917 

0  .  •  6 

22.6 

.002564 

0,72 

-59.7 

.002501 

3.32 

153.4 

.002591 

(i.o  y 

-♦67 . 3 

,fa;297h 

36.63 

-56,2 

.01.2449 

22.54 

-60.2 

.0024)0 

23.07 

-56.1 

.002437 

24,05 

1  .* 

.012437 

7.14 

-52.1 

.00 1656 

(7.62 

-48.1 

.0! 25)5 

17.34 

-3  f» .  *» 

.002585 

26.71 

-32.3 

.0(  249) 

13.90 

0.7 

,002491 

24.62 

-5.  9 

.002515 

39.71 

-4  7.5 

.002585 

15.32 

-2O.0 

.002451 

1  1  .93 

-13.8 

.002491 

14. 2b 

-0.3 

.002516 

22 .87 

-66.1 

.002436 

19.01 

-71.9 

.003427 

22.39 

-51.3 

.002288 

30.39 

-9  C  ,  0 

.0C23OH 

4.39 

176.8 

.002300 

1.31 

-26,6 

.003770 

250.19 

-17.0 

.003205 

168.81 

3.5 

.002172 

37.46 

-£•6.1 

.002631 

22.9/ 

-1.5 

,002681 

7.16 

-48.3 

.001527 

59.24 

-56.6 

.003084 

60.16 

-37.3 

.002855 

32.57 

-32.6 

.002693 

37.46 

0.0 

.002693 

26.57 

-10. 8 

.(.03084 

56 .04 

18,4 

.002855 

76.15 

-29.6 

.002693 

34.20 

-23.4 

,002693 

20.20 

-1.0 

.003084 

19.48 
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Tablfi  D-I.  Flow  Calculations  -  Shot  359  (.Continued) 


TIME 

M  JtROSEC- 
453*20 


49«.40 


X 

Y 

U 

INCHES 

INCHES 

FT/SEC 

0,2689 

1.4556 

75.1 

0,3241 

1.1722 

98.7 

G.3241 

0,8461 

114,4 

0.3241 

0,6463 

100.4 

0.3241 

0,0019 

10.9 

1.0463 

1.3537 

176.8 

1.0296 

1.1556 

114.9 

0.9481 

1.U056 

126.5 

0.8370 

0.6356 

95.9 

0.8370 

0,0019 

56,5 

1.4000 

1.4000 

370.8 

1,3074 

1.2093 

238.0 

1.3074 

1.0241 

117.8 

1.3037 

0.7278 

99.3 

1.3037 

0.1)019 

42.1 

1.9519 

2. U9u7 

9,1 

1.8593 

1.5907 

212,1 

1.7167 

1 . 1 130 

158.5 

1.6685 

0.7963 

141.4 

1.6704 

0.0019 

116.7 

0.2847 

1.4306 

81.9 

0.2901 

1,0829 

141,0 

0.2901 

0,8829 

75.8 

0,2919 

0.618U 

86.3 

0.2901 

0,0054 

39.4 

0.8216 

1.2739 

216,4 

0.8775 

1.0901 

199,4 

0.8775 

0,8847 

148.9 

0.6541 

0.6252 

12,0 

0,8505 

0,0054 

26.1 

1,5333 

1.4126 

222,3 

1.3910 

1.1405 

199,4 

1.3009 

0.9495 

129,2 

1,2667 

0.6541 

38.4 

1.2378 

0.0000 

30,0 

1.8991 

2,1297 

1,8106 

1.3964 

1,7477 

1.1369 

113.0 

1.6775 

0.7550 

101,3 

1,7135 

0,0054 

174,2 

THETA  DENSITY  U 

DEGREES  SLUGS/CUFT  LB/ SOT  T 


-39.1 

.002206 

6,23 

-85.8 

.0021*2 

10.53 

-99.2 

.0019/1 

12.90 

1C1.5 

.002424 

12.2? 

n.o 

.002424 

0.14 

-90,6 

.006033 

94.26 

-48.2 

.005891 

38.0b 

-41.5 

.002076 

16.61 

-51  s2 

,002383 

10.96 

1.8 

,002383 

3. SI 

-14.5 

.002163 

148.73 

-37.2 

,002266 

64.17 

-55.1 

.002659 

18.44 

-47.2 

.002918 

14.38 

-5.0 

.002918 

2.56 

90. 0 

.002266 

0.09 

-13.9 

.002659 

59.33 

-0.7 

,002918 

36.67 

-38.2 

.002918 

29.19 

1.8 

,002266 

15.4? 

ICO. 5 

.002632 

8.83 

-100.7 

,002810 

27.95 

-110.2 

.001992 

5.73 

-62.9 

.002334 

8.68 

2.7 

.002334 

1.31 

-41.1 

,002611 

61.11 

-28.0 

,003388 

67  •  36 

-68.6 

.002369 

26.25 

-38.7 

.003013 

0.22 

0.0 

.003013 

1.19 

-29.8 

.002157 

53.30 

-25.6 

.004005 

79.60 

-30.2 

,002251 

15.98 

-43,0 

.002607 

1.92 

-3.6 

.002607 

1,17 

178.3 

,004005 

-179.4 

.002251 

-30.3 

,002607 

17.23 

-19.4 

.002607 

13.37 

0.0 

.004005 

60,75 
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Table  D-I 


Flow  Calculations 


Shot  3S9  (Continued) 


» int 

X 

r 

ii 

1  NET  A 

OF  LSI T* 

U 

'■HPOSEC 

INCHES 

!  t.CilEo 

FT/SEC 

DEGREES 

SLUeS/RllFT 

LR/SUf 

535.60 

0.2741 

1.3759 

0.4 

.001722 

0,2961 

1.U352 

READINGS 

INVALID 

0.2961 

0.7778 

132.7 

-90.7 

.CD2436 

21.46 

0.363o 

0.571)4 

127.9 

-35.7 

.002698 

22. ':b 

0.3630 

0.U037 

105.8 

3.0 

.002698 

15.11 

1.2074 

1.2130 

269.4 

-46.4 

.007247 

262.93 

1.2037 

1 • u63o 

READINGS 

INVALID 

1.0019 

0 .6685 

171.4 

-43.7 

.002741 

40,26 

0.6463 

0 . o4b  i 

59.5 

-117.3 

.002385 

4.22 

0,8646 

0  .  o  0 1 9 

33.3 

170.5 

.002385 

1.32 

1.5907 

1.298/ 

160.4 

-00.  « 

,  G0G67 1 

10.  >3 

1.4852 

1.124| 

142.7 

-61 .0 

.  f,  i:5463 

55.6  m 

1.4003 

1 ,9040 

113.4 

-43.7 

.002784 

17.91 

1.3315 

0.7019 

62.9 

-22,  t 

.01)2349 

4.65 

1.3333 

C.uOllii 

10.6 

11.3 

.602349 

0 . 4 ) 

U.2130 

2.o3fcy 

191.4 

-1.6 

.005463 

100.08 

u.2037 

1.5741 

101.9 

-28.9 

.002784 

14.47 

1.8148 

1 .  (<  5b b 

96.0 

-56.6 

.002349 

in. Da 

1.7630 

0.763u 

80.3 

-2.6 

.002349 

7.57 

1.8426 

o .  u  o  i  y 

3.1 

153.4 

.005463 

0.16 

S7t-.CC 

1.7153 

1.4414 

43.7 

—  L0.1 

READINGS 

INVALID 

NO  READING 

REAPINGS 

invalid 

u.2? 03 

G./532 

67.1 

-149.9 

.002570 

5.79 

0.3946 

0 . 54*1 

READINGS 

INVAL!  i! 

U.3946 

0. Ui06 

READINGS 

INVALID 

1.0054 

1 • u8l 1 

179.8 

—89.4 

readings 

INVALID 

NO  READING 

READINGS 

INVALID 

1.0000 

G./670 

READINGS 

INVALID 

0.8270 

0.5730 

READINGS 

INVALID 

0.8180 

0  .  >J  J  08 

READINGS 

INVALID 

1.5369 

1.2342 

194,7 

-135.4 

.001850 

35.95 

1.4577 

1.0162 

244.8 

-99.2 

.01)4567 

136. 83 

1.3820 

0.8721 

363.4 

-JC3.6 

.002651 

209.51 

1.3243 

0.b3t>6 

READINGS 

INVALID 

1.2559 

0 . 8  036 

READINGS 

INVALID 

2.0683 

2.1243 

READINGS 

INVAL ID 

1.8991 

1,3477 

READINGS 

INVALID 

1.6000 

1.0577 

readings 

INVALID 

1.7568 

0.7514 

27,8 

-70.3 

.002718 

1.05 

1.7063 

n.oos-u 

112.4 

179.0 

.004567 

26.84 

111 


T*t>U  D-I.  Flow  CftlcuUtion*  ^Shot  359  (Continued) 


i  iiie 

'HcROSEC 

616.00 


659.20 


x  t 

U 

INCHES  INCHES 

FT/8EC 

0.2815  1.3333 

READINGS 

0.2093  1.0259 

READINGS 

0.2407  0.7444 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

1.2093  1 .1*352 

76.6 

1.2000  0.7537 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

1.4537  1.1536 

147.7 

1.4463  0.8852 

137,6 

1.3204  Q.5963 

134,0 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  R£AD!NG 

READINGS 

NO  READING 

READINGS 

1.7722  0.7370 

56.8 

1.7315  0.0037 

169.6 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

NO  READING 

READINGS 

1.0018  1.0054 

READINGS 

1.0018  0.8757 

READINGS 

0,9856  0.7135 

READINGS 

0,9730  3a  5178 

READINGS 

1,0018  0.0036 

READINGS 

1,5315  1,0883 

135.8 

1,5910  0,9892 

66,2 

1.6135  0,8883 

76,5 

1.3876  0.8856 

READINGS 

1,3532  0.0018 

READINGS 

1.9027  2,2486 

READINGS 

2,0847  1.4396 

READINGS 

0.1928  1,1153 

READINGS 

1.7946  0.7099 

72,3 

1.8739  0.0018 

41,2 

THETA  DENSITY  u 

DEGREES  8LU89/CUFT  LB/SQK  f 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

•92.7  .005310  15.59 

INVALID 
INVALID 
INVALID 
INVALID 

•92.1  READINGS  INVALID 

-11.5  READINGS  INVALID 

7.0  READINGS  INVALID 

INVALID 
INVALID 
INVALID 
INVALID 
INVALID 


-47.6 

READINGS 

invalid 

•2.5 

READINGS 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

-24.4 

.001039 

9,57 

-61,3 

,000766 

1.68 

21.5 

.002191 

6.41 

INVALID 

INVALID 

INVALID 

INVALID 

INVALID 

•31.2 

,002633 

6,88 

•2.6 

.000766 

0.65 
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Table  D- II.  Flow  Calculations  -  Snot  363 


1 


:  t 

TIME 

X 

Y 

U 

THETA 

DENSITY 

(t 

ij 

HICROSEC 

INCHES 

INCHES 

FT/SEC 

DEGREES 

SLUGS/CUFT 

LB/Sor  1 

:  F 

41,50 

1*2185 

2,1852 

41,7 

-177.4 

.002411 

2,09 

f 

1*2187 

1,6537 

52.6 

-175,8 

,002565 

3,55 

;  1 

1*2185 

1,2074 

74,6 

-157,2 

.002955 

8,21 

;  | 

1*2185 

1,1000 

69,4 

-172.0 

.002502 

6.03 

i 

i 

i 

! 

1,2167 

0,0037 

67,0 

-178.4 

,002502 

5,61 

1*8907 

2,2241 

12,8 

115,2 

{,002506 

0,20 

1,8537 

1,6315 

96.2 

-167,6 

.002604 

12,55 

i 

1*6259 

1*1444 

99,6 

-160*8 

.002416 

11,98 

1*6241 

0,9463 

67,6 

•166,0 

.002494 

9.57 

•  • 

1,6241 

0,0037 

83,2 

-178,7 

.002494 

6,64 

l 

f 

2,3204 

2,0000 

76,6 

-148.2 

•002593 

7,61 

1 

2,2833 

1,6093 

64,6 

-169.5 

.002550 

9.13 

? 

1 

2,2278 

1,1370 

104,6 

-170,5 

.002181 

11,92 

2,2296 

0,8963 

103,3 

-176,8 

.002275 

12.13 

■  1 

2,2093 

0,0037 

101,3 

178.9 

.002275 

11.68 

2,9315 

1,9889 

75.5 

-159.1 

.002550 

7,27 

1 

2,9333 

1,39*4 

90,9 

-I56r3 

.002181 

9,01 

l 

t 

2,9315 

1,1222 

63,6 

-174,7 

.002275 

7.95 

2*9315 

0,8315 

84,3 

-170.8 

.002275 

8.08 

f 

83,00 

2,9315 

0,0037 

63,3 

177.4 

.002550 

8.65 

j  I 

1,1982 

2,2626 

5,3 

•45,0 

.002264 

0,03 

If 

1,1784 

1*1640 

1,6679 

1,2185 

64.4 

46.5 

-133,6 

160,0 

.002359 

.002639 

4,90 

2,85 

H 

\  i 

1,1840 

1,0882 

46.8 

173.2 

.002416 

2,65 

1,1640 

0,0000 

44,7 

177.6 

,002416 

2.41 

M 

1,6919 

2,2626 

82,6 

172.2 

.002356 

8.03 

1  : 

[{ 

1,8018 

1,6515 

44,2 

165.4 

.002286 

2,23 

1,6016 

1,1189 

67,7 

-164.1 

.002540 

5,82 

i  i 

1*6018 

0,9234 

61,6 

•174,6 

.002464 

4,68 

'  l 

1,8016 

0,0038 

63,2 

•178.3 

.002464 

4,93 

• 

2,3027 

2,0346 

46,3 

157.4 

.002377 

2,78 

1  l 

2,2599 

1,6266 

50,7 

•151,6 

,002351 

3,03 

l 

2,2090 

1,1074 

8,3 

•153,4 

,002286 

0,06 

i  i 
! 

1 

2,2090 

0,6890 

39,2 

174.6 

,002296 

1.77 

2,2090 

0,0036 

14.9 

160.0 

,002296 

0,25 

2,9171 

2,0500 

47,6 

128,7 

,002351 

2.67 

' 

2,9189 

1,6093 

41.6 

•153,4 

.002286 

1,96 

1 

I 

2,9169 

1,1150 

33,9 

170.5 

.002296 

1.32 

2,9189 

0,6315 

35,9 

158.7 

,002296 

1,46 

l 

2,9189 

0,0057 

33,5 

-176.8 

,002351 

1,32 
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Table  D-II.  Flow  Calculations  -  Shot  363  (Continued) 


TIME 

HICROSEC 

124,50 


166,00 


X 

y 

U 

INCHES 

INCHES 

FT/6EC 

1,2222 

2,1615 

143,7 

1,1722 

1,6074 

66,1 

1,1722 

1,2074 

66,1 

1,1722 

1,1056 

64,3 

1,1722 

0,0056 

36,2 

i,8C93 

2,2352 

36,1 

1,8111 

1,6426 

47,1 

1,7611 

1,1259 

26,9 

1,7630 

0,9407 

140,4 

1,7611 

0,0019 

2,6 

2,2759 

2,0165 

13,6 

2,2369 

1,5652 

13,2 

2,2204 

1,1333 

6,0 

2,1907 

0,9000 

6,6 

2,1944 

0,0037 

1,6 

2,9019 

2,0259 

14,5 

2,8963 

1,5759 

1,6 

2,8961 

1,1276 

26,1 

2,8961 

0,6444 

31,5 

2,8981 

0,0019 

16,7 

1,3045 

2,1668 

210,4 

1,2196 

1,6342 

150,8 

1,2054 

1,1646 

121,7 

1,2016 

1,0385 

155,9 

1,2018 

0,0038 

96,6 

1,6703 

2,2339 

147.7 

1,9466 

1,6496 

119,7 

1,8016 

1,1457 

107,9 

1,6036 

1,0633 

65,7 

1,6036 

0/0019 

83,7 

2,3099 

2,0461 

106,2 

2,2721 

1,6227 

116,0 

2,2072 

1,1131 

79,4 

2,2054 

0,6632 

76,6 

2,2072 

0,0038 

74,4 

2,9063 

2,0595 

53,7 

2,9207 

1,6093 

©9,7 

2,9423 

1,0997 

55,6 

2,9351 

0,6047 

54,0 

2,9351 

0,0019 

55,8 

THETA 

CEH8ITT 

6 

9E6REES 

SLU68/CUFT 

LB/SOFT 

•42,0 

,002487 

25,67 

-52.3 

.002647 

6.13 

-52.3 

.003243 

7,51 

•53,8 

.002573 

5,33 

5,8 

•002573 

1,66 

-127,0 

•002335 

1.52 

•2,3 

.002416 

2,66 

90,0 

•002300 

0,63 

69,3 

•002292 

22,60 

•46,8 

.002292 

0,01 

57,9 

•002267 

8.21 

-16,9 

•002716 

0.24 

107,4 

•002271 

0.04 

-122.1 

.092273 

0,05 

160,0 

•002273 

0,00 

136,5 

•002716 

0,29 

0,0 

.092271 

0,00 

•33,2 

,002273 

0.90 

-56,6 

•002273 

1,13 

-13.3 

.002716 

0,36 

•27,9 

,002675 

59,23 

-30.4 

•002503 

28,47 

-38,8 

•004342 

32,14 

-50,8 

•002456 

29,66 

-2,2 

•002456 

11,49 

•10,9 

.002433 

26,75 

•25,6 

,062461 

17,65 

•2,0 

•003396 

19.77 

12,5 

•002316 

6.51 

1,3 

•002318 

6,12 

24,4 

•002363 

13,62 

6.4 

•  002312 

15.56 

-20,6 

•002116 

6.68 

5,6 

•062275 

6.67 

•1.4 

•002275 

6.30 

14,0 

,002312 

3,33 

•9,2 

,002116 

5,14 

0,0 

•002275 

3,54 

3.9 

,002275 

3,32 

0,0 

•002312 

C.60 
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TIME 

MICROSEC 

207,50 


249,00 


Table 

D-II.  Flow 

Calculations 

X 

Y 

U 

inches 

INCHES 

FT/SEC 

1,4074 

2,0833 

167,5 

1.3019 

1 ,5315 

152.2 

1,2667 

1,1315 

97,8 

1.2704 

0.9652 

213,4 

1,2665 

0,0019 

70,6 

1,0537 

2.2074 

153,6 

1.9165 

1.5907 

109,7 

1,8685 

1.1222 

110,9 

1,6463 

0.9593 

250,6 

1.6444 

0,0037 

83.2 

2.3741 

2.0630 

97,4 

2,3537 

1,5981 

65,6 

2.2944 

1,1056 

60,2 

2.2667 

0,9074 

47,6 

2.2665 

0,0019 

39,8 

2,9537 

2,0389 

61.6 

2,9648 

1,5648 

33,1 

2,9537 

1.1276 

24,2 

2.9519 

0,6461 

26.9 

2,0537 

0.0019 

1.6 

1.4901 

2.1456 

1,3063 

1,5097 

354.6 

1.2011 

1,1035 

214,6 

1.2703 

0,6353 

READIN66 

1,2721 

0,0019 

READINGS 

2,0018 

2,3124 

136,8 

1.9459 

1.5997 

131,6 

1,8665 

1.0748 

96,2 

1.6965 

0,9276 

128,9 

1,6865 

0,0019 

65,5 

2.4054 

2,0289 

126.9 

2,3351 

1,6055 

72.6 

2.2667 

1,1206 

56.6 

2.2466 

0.6602 

81.9 

2,2468 

0,3019 

50,2 

2,9676 

2.0634 

96,7 

2.9532 

1.6036 

68.3 

2,9351 

1,1227 

71.0 

2.9351 

0,6334 

46,6 

2,9369 

0,0019 

46,5 

-  Shot  363  (Continued) 


THETA 

DENSITY 

0 

debrees 

SLU98/CUFT 

LB/SQFT 

•6,5 

.002660 

46.77 

•55,2 

.002632 

32,61 

•39.0 

,003005 

14.37 

•71,2 

,002771 

63.07 

•1.6 

.002771 

6,90 

30.6 

.002321 

27,45 

-27.1 

.002515 

15.14 

•39.9 

.002770 

17.03 

-70.6 

.002305 

72,48 

0.0 

.002395 

7.96 

•10,2 

,002298 

10.90 

•15,3 

.002762 

5.95 

7.3 

.002532 

4.59 

•29.0 

.002323 

2,63 

•2.8 

.002323 

1.64 

3.6 

.002762 

5.25 

•10.0 

,002532 

1.38 

107,4 

,902323 

0.66 

90.0 

.002323 

0.97 

0,0 

.002762 

0.00 

•92,0 

,002378 

•SO. 3 

.002567 

162.60 

•64,3 

,001740 

40.06 

INVALID 

invalid 

-7.7 

.002314 

22.30 

•36.4 

.002705 

23.44 

-52.7 

.002287 

11.02 

•46,2 

.002984 

24,78 

0.0 

,002984 

10.91 

-46,2 

.002472 

20,53 

-39.8 

,902626 

6.9? 

•18.4 

,002182 

3,77 

•50.5 

,002395 

6.03 

0,0 

,002395 

3.02 

-22,6 

,002628 

12.26 

29.4 

.002162 

5.08 

•45,0 

,002395 

6.03 

6,8 

.002395 

2.62 

0,0 

.092628 

2.64 
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TIME 

MICROSEC 

290,50 


332,00 


Table 

D— II.  Flow  Calculations 

-  Shot  363 

(Continued) 

X 

Y 

U 

theta 

DENSITY 

G 

INCHES 

INCHES 

FT/SEC 

DEGREES 

SLU98/CUFT 

LB/SOFT 

!,3SS2 

1,4556 

216,2 

-44,7 

,002992 

66,99 

t ,361 1 

1,1633 

135,8 

-41,7 

,003974 

32,94 

1,3993 

0,9369 

114,7 

•62, S 

READINGS 

INVALID 

MO  READING 

READIN68 

invalid 

NO  READING 

READIH9S 

INVALID 

2,0907 

2,1889 

174,5 

•58,1 

,002545 

38,75 

2,0241 

1,5130 

130,3 

-54,3 

,002812 

23,86 

1# 9276 

1,0444 

45,6 

•7,3 

,002532 

2,63 

1 ,9392 

0,6667 

58,0 

-41,5 

,002750 

4,63 

1,9296 

0,0037 

43,4 

0,0 

,002750 

2,59 

2,4630 

1,9704 

82,6 

•10.7 

•002632 

9.03 

2,4093 

l,55i9 

99,1 

-32,9 

,002618 

12,66 

2 , 3500 

1,0870 

96,6 

•39,1 

,002618 

12,21 

2,3165 

0,6444 

117,2 

-35,1 

•602418 

16,60 

2,3165 

0,0019 

94,1 

2.3 

,002416 

10,72 

3,0426 

2,0019 

73,9 

-62,3 

,002618 

7,15 

3,0241 

1,9981 

65,9 

-25.2 

,002616 

9.67 

3,0037 

1,0778 

63,6 

-36,8 

.002416 

6,44 

2,9961 

0,6537 

76,2 

-49.7 

•002418 

7,40 

3*0000 

0,0019 

46,8 

0,0 

.002618 

3,12 

1,6432 

1,9944 

56,6 

,002636 

1,4072 

1,4196 

227,0 

58,4 

,002986 

77,03 

1 ,3333 

1,0020 

42,1 

135,0 

,001645 

1.63 

1,3297 

0,7655 

READIN96 

INVALID 

1,3297 

0,0036 

READINGS 

INVALID 

2,0937 

2,1649 

142,3 

-17,5 

,002387 

24,17 

2,0216 

1,4944 

102,3 

•1,0 

,002651 

14,91 

1,9315 

1,0690 

133,5 

-12.9 

,001698 

16,91 

1,9297 

,7693 

66,9 

•6,7 

,002793 

10,45 

1,9297 

,0019 

91,1 

0,0 

,002793 

11,59 

2,4665 

2,0136 

119,4 

2,6 

,002952 

17,00 

2,4160 

1,5516 

116,6 

•9,2 

.902612 

17,60 

2,3423 

1,0614 

92,6 

-32.7 

,002205 

9,50 

2,3423 

0,7932 

70,4 

•12,2 

,002776 

6,86 

2, 3405 

0,0057 

31,7 

3,4 

,002776 

1.39 

3,0016 

1,9962 

50,7 

•8,4 

.003612 

3,36 

3,0306 

1,5672 

67,0 

-19,4 

,002205 

4,95 

3,0016 

1,0729 

62,3 

6,9 

,002776 

9,41 

2,9656 

0,7740 

98,1 

•27,1 

,002776 

13,36 

2,9656 

0,0019 

89,3 

-1.8 

,002612 

10,40 
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TIME 

MICROSEC 

373,90 


419,00 


Table 

D-I I .  Flow 

Calculations 

-  Shot  363 

(Continued) 

X 

Y 

U 

THETA 

DENSITY 

a 

INCHES 

INCHES 

FT/SEC 

DEGREES 

SLUGS/CUFT 

L3/SQP7 

1*7692 

2,0611 

174,5 

5,7 

,002635 

40.13 

1,47(16 

1,3759 

204,9 

6,6 

.002483 

52.15 

1*3296 

0,9685 

122,0 

•15,5 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2*2259 

2,1463 

172*2 

14,9 

.002606 

36,63 

2,1259 

1,5111 

159*2 

21,3 

.002756 

34.94 

2*0574 

1,0146 

161,2 

•2,7 

.003151 

40.93 

2*0204 

0,6537 

141,6 

i9aG 

.003101 

31.10 

2,0204 

0,0037 

148,4 

0.7 

.00310* 

34.13 

2,5778 

1,9759 

100,0 

-5,5 

.002780 

13.69 

2,5241 

1,5333 

117*6 

3.7 

,002736 

18,99 

2,4278 

1,0370 

132*2 

-2.5 

.002462 

21.66 

2,3870 

0,8296 

98.6 

13.5 

,002373 

11.54 

2,3500 

0*0037 

97,7 

1,1 

.002373 

11.33 

3,0926 

1.9944 

106*6 

33.9 

.002736 

15.61 

3,0870 

1.5759 

61*2 

-12.7 

.002462 

4.65 

3,0852 

1*0670 

75*6 

11,7 

.002373 

6.61 

3,0852 

0*8093 

63*6 

6.6 

.002373 

8.33 

3,0889 

0,0000 

83*2 

1.3 

.002736 

9.46 

1,8162 

2,0116 

203*1 

-49,5 

.003127 

64.46 

1,6090 

1,4503 

166*5 

-14,9 

.002661 

47.29 

1,4505 

0,9694 

169*6 

3,6 

,002169 

31.18 

1,4324 

0,7932 

READINGS 

INVALID 

1,4342 

0,0036 

READINGS 

invalid 

2,2595 

2,2090 

85,0 

-10.1 

•002741 

9.90 

2,1694 

1,5518 

138*4 

•6,2 

,002803 

26.85 

2,0919 

1,0614 

105,6 

-16.4 

,002419 

13.55 

2,0631 

0,8353 

119,9 

-19,0 

.003005 

21.62 

2,0775 

0,9036 

57,9 

5*5 

.003005 

5.04 

2,5656 

2,0040 

146,7 

59*5 

.002564 

27.58 

2,5351 

1,5595 

61*0 

-9,2 

.002916 

9.57 

2*4739 

1,0556 

95,1 

-4,5 

.002430 

10.99 

2,4376 

0,6162 

72*3 

-18,0 

.002764 

7.26 

2,4378 

0,0077 

78,1 

0,0 

.002784 

8.49 

3,0901 

2,0576 

69*2 

•30,7 

.002916 

6.96 

3,0901 

1,5536 

75*0 

-29,7 

.002430 

6,82 

3,0757 

1,0662 

45*4 

-35,0 

,002784 

2.87 

3,0685 

0,7636 

30*0 

-29,7 

.002764 

1,25 

3, 0665 

0,0036 

16*7 

5.7 

•002916 

0,51 
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Table  D-II.  Flow  Calculations  -  Shot  363  (Continued) 


TIME 

MICROSEC 

456,50 


498,00 


X 

V 

U 

INCHES 

INCHES 

FT/SEC 

1.9167 

1.9074 

149,4 

1.6611 

1.3276 

202,3 

1.4961 

0.9796 

80,7 

1.4963 

0.6537 

229,5 

NO  READIES 

READIN0S 

2,9093 

2,1319 

95,6 

2.2630 

1.4963 

104,6 

2,1574 

0.9619 

89,6 

2.1333 

0,6146 

94,6 

2.0776 

0,0093 

77.6 

2.6519 

2.1019 

93,8 

2.6037 

1.5204 

94,1 

2.9222 

1.0296 

47,1 

2.4556 

0,8074 

67,4 

2.4276 

0,0037 

36.4 

3.1519 

1,9593 

69.5 

3.1519 

1.5369 

64,6 

3,1222 

1,0611 

57,0 

3.1111 

0.7944 

46.7 

3,1074 

0.0019 

43,4 

1,9459 

1,9386 

230.9 

1,7441 

1.3009 

237,6 

1.3674 

0,9196 

245,0 

1.2054 

0,7663 

READIN6S 

1.2054 

0,0036 

READINGS 

2.3441 

2,1649 

92,6 

2.2721 

1,5346 

106,2 

2.1764 

1,0364 

104,3 

2,1566 

0,6236 

83,1 

2,1550 

0,0036 

102.7 

2*6757 

2,0289 

136,9 

2.6266 

1,5576 

102,3 

2.9207 

1,0537 

100,7 

2,5045 

0,6085 

125.6 

2,4739 

0,0036 

122,7 

3,1477 

2,0193 

194,6 

3,1405 

1.5940 

75,3 

3,1297 

1.0710 

70,8 

3.1117 

0,8006 

76,9' 

3,1117 

0,0036 

54,0 

THETA 

DENSITY 

6 

DEGREES 

SLUOS/CUFT 

L6/3QFT 

•29,3 

,003255 

36.30 

-47.9 

,002663 

56.50 

-141,7 

,002664 

9.39 

-173.3 

RCADINOf 

INVALID 

INVALID 

-27.5 

.002602 

11,95 

«>9,5 

.002994 

16,37 

-14,9 

,003249 

13,12 

•7,0 

,003345 

15.02 

0.0 

,003345 

10,12 

15.5 

,062433 

10,72 

-1.2 

.002950 

13.06 

-2.3 

,002660 

2.95 

•5.6 

,002616 

5.94 

•5,1 

.002616 

1.73 

-33,6 

.002950 

7.13 

38,5 

.002660 

5.56 

-17,7 

,002616 

4,24 

21.7 

.002616 

2.66 

0,0 

.002950 

2,7  6 

52,9 

.003381 

90,16 

-14,0 

.002990 

64,42 

-11.8 

.001812 

54,41 

INVALID 

INVALID 

10,4 

.002005 

12.04 

4,0 

.003014 

17.01 

3.1 

.002698 

14.57 

10.3 

,063343 

11.56 

•5.2 

.003343 

17.62 

-52.2 

.002916 

27.18 

0.0 

.002652 

14,91 

-4.2 

.002601 

13,18 

2.5 

.092797 

22,40 

0.9 

.002797 

21.06 

66,4 

.002652 

54.13 

15.8 

.002601 

7.38 

29.9 

.062797 

7.01 

45.0 

.002797 

8.70 

2.0 

.002692 

4.15 

Table  D- II-  Flow  Calculations  -  Shot  363  (Continued) 


TIME 

X 

Y 

U 

THETA 

DENSITY 

Q 

MICROSEC 

INCHES 

INCHES 

FT/8EC 

DEGREES 

SLU83/CUFT  LB/SO 

539,50 

2,0556 

2,0907 

-95.4 

.003091 

1(8907 

1*2704 

64,6 

-63,4 

,003612 

7.94 

1*7370  0,9296 

NO  READING 

NO  READING 

227.3 

READINGS 

READINGS 

-5.8 

INVALID 

INVALID 

READINGS 

INVALID 

2*4000 

2*1481 

51,4 

69,4 

.002646 

3.76 

2*3685 

1*5037 

62,0 

-7.1 

.002983 

5.73 

2*2611 

0,9870 

90,8 

-4.9 

.003226 

13.30 

2*2148 

0,8296 

93*8 

-15.5 

.003000 

13.21 

2*1796 

0,0000 

92,3 

-1.2 

.003000 

12.77 

2*7352 

1,9944 

34,4 

0,0 

,002426 

1.43 

2*7056 

1*5204 

41,0 

22.1 

,003169 

2.66 

2,6222 

1.0222 

65,4 

•5,1 

,003158 

6.75 

2,5815 

0,8130 

56,1 

0,0 

.002621 

4.44 

2*5500 

0,0056 

63,2 

0.0 

.002621 

9.77 

3,2296 

2*1370 

39,1 

62,4 

.003189 

2.43 

3*2241 

1*5593 

23,0 

-19.5 

,003158 

0.64 

3,1333 

1,0963 

37,7 

54.6 

•002821 

2.09 

3, 1667 

0,8500 

36,2 

3.0 

.002621 

1,65 

581,00 

3,1611 

0*0037 

36,2 

-3,0 

.003189 

2.09 

1,9207 

1*6745 

159,9 

123.1 

.003641 

46.53 

1*7730 

1*2434 

52,4 

-6.1 

.003206 

4.39 

1*6126  0.8966 

NO  READING 

NO  READING 

226,3 

READINGS 

READINGS 

•28.5 

INVALID 

INVALID 

READINGS 

INVALID 

2*3622 

2*2128 

89,6 

131.6 

.002749 

11.02 

2,3333 

1*5269 

20,8 

63.4 

.093181 

0.69 

2,2685 

1*0307 

24,5 

-98.7 

.032693 

0.87 

2*2468 

2*2468 

0,7989 

0,0019 

71,8 

READINGS 

-53,4 

INVALID 

.003628 

9.34 

2,7099 

2,0289 

9*3 

180,0 

.002931 

0.13 

2*6667 

1.5729 

37,4 

95,7 

.003364 

2*14 

2*5656 

1*0480 

46,6 

94,6 

.002630 

2.86 

2*5604 

0*8085 

26*6 

33.7 

.002946 

1.06 

2,5568 

0,0038 

10,0 

-21.8 

•0Q2948 

0.15 

3,1658 

2,0538 

104.1 

-108,6 

.003064 

16,59 

3*1622 

1*5863 

28,4 

-168,7 

.002630 

1.06 

3*1514 

1*1016 

9.5 

101,3 

.002946 

0.13 

3,1477 

0,8027 

16,6 

-26,6 

.002946 

0.41 

3*1477 

0,0019 

22.^ 

0,0 

.003064 

0,76 

119 


TIME 

MICROSEC 

622,50 


664,00 


Table  D- 

II.  Flow 

Calculations 

-  Shot  363 

(Continued) 

X 

y 

0 

THETA 

DENSITY 

Q 

INCHES 

INCHES 

FT/8EC 

DEGREES 

SLUGS/CUFT 

LB/3QFY 

1,9665 

2,2241 

READINGS 

INVALID 

1,9426 

1,2646 

64,0 

28,8 

,004217 

8.63 

1,9352 

0,6222 

67,0 

-136,7 

READING8 

INVALID 

NO  REA0IN9 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2,3407 

2,2148 

127.7 

153,1 

,002710 

22,11 

2,3778 

1,5222 

56,1 

133,2 

,003022 

5,10 

2,2574 

0,9630 

87,2 

-167,3 

,002827 

10.74 

2,2574 

0,7722 

92,5 

•166,0 

READINGS 

INVALID 

NO  READINO 

READINGS 

INVALID 

2,7259 

1,9944 

89,2 

-173,8 

,002891 

11,49 

2,7019 

1,5574 

71,0 

173,8 

,003305 

6,32 

2,6185 

1,0665 

76,0 

178,0 

,002839 

8.20 

2,6037 

0,6276 

87,4 

-173.7 

,002788 

10.64 

2,5593 

0,0019 

119,5 

177.2 

,002788 

19,92 

3,1963 

2,0389 

78,2 

-174.4 

,003305 

10,10 

3,1963 

1,5537 

75,1 

-171,2 

,002839 

8,00 

3,1815 

1,1056 

64,4 

•162,6 

,002786 

5,79 

3,1815 

0,6426 

60,2 

172.7 

,002786 

5,05 

3,1633 

0,0037 

72,4 

160.0 

,003305 

8.65 

NO  READINO 

READINGS 

INVALID 

1,8286 

1,2740 

41,3 

-82,2 

,003280 

2,79 

1,5495 

0,8372 

93,4 

121,2 

,002665 

11,63 

1,2360 

0,7625 

READINGS 

INVALID 

NO  READINO 

READINGS 

INVALID 

2,2486 

2,2703 

READINGS 

INVALID 

2,2937 

1.5691 

93.3 

,003089 

2,1836 

1,0116 

76,9 

,002769 

2,1568 

0,7796 

234,0 

75.7 

,003458 

94.70 

2,0847 

0,0019 

READINGS 

INVALID 

2,6216 

2,0193 

64,6 

105,3 

,002946 

10,60 

2,5964 

1,5806 

7,7 

104,0 

,082982 

0,09 

2,5099 

1,0499 

50,6 

-72,9 

,002614 

3,34 

2,4739 

0,7989 

35,5 

-96,0 

,002786 

1,76 

2,4378 

0,0096 

41,1 

5,2 

,002788 

2,35 

3,0883 

2,0461 

64,7 

-16,4 

,002982 

6,24 

3,0683 

1,5746 

18,4 

135,0 

•002614 

0,44 

3,0901 

1,0625 

20,6 

-79,7 

,002768 

0,60 

3* Q863 

0,8104 

32,5 

-103,2 

,002786 

1.47 

3*075? 

0,0019 

9,5 

-168,7 

,002982 

0,13 
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laDie  u-n.  mow  calculations 


^not  .50.5  (.continued.) 


TIME 

X 

y 

U 

THETA 

DENSITY 

S 

MICROSFC 

INCHES 

INCHES 

FT/SEC 

DEGREES 

SLUGS/CUFT 

Ltt/SOFT 

705,50 

1,8204 

2,2667 

READINGS 

INVALID 

1,9481 

1,2241 

134,8 

14,9 

,003366 

30,57 

1,8870 

0,9019 

10.0 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2,3370 

2,2241 

74. i 

48,8 

.002799 

7,69 

2,3944 

1,5500 

S3, 2 

1.3 

.001741 

6,03 

2,3148 

0,9981 

54.6 

-8,1 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2,7037 

2,0759 

131,3 

85,3 

.002562 

22.07 

2,7000 

1,5640 

54,2 

46,1 

.003086 

4,54 

2,6333 

1,0204 

89,0 

5,0 

,002902 

11,49 

2,6000 

0,7926 

36,  i 

9.0 

.003043 

11,28 

2,6000 

0,0056 

123,1 

-2.7 

.033043 

23,08 

3,2574 

2,0185 

36,0 

25,3 

.003066 

2,00 

3,1833 

1,5667 

54.7 

*6,3 

,002902 

4,34 

3,1852 

1,0832 

52,0 

12,6 

.803043 

4.11 

3,1741 

0,8111 

40,9 

-44,9 

,003043 

2,54 

3.1741 

0,0019 

41,7 

2.6 

,003086 

2,63 

747,00 

NO  READING 

READINGS 

INVALID 

1,9586 

1,3035 

14,5 

39,8 

,004434 

0,47 

1,9495 

0,9081 

69,7 

170.8 

,005033 

12,22 

1,9359 

0,7683 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2,1694 

2,3450 

READINGS 

INVALID 

2,3423 

1,6246 

-85.6 

,002872 

2,2667 

1,0135 

-96,9 

.002655 

2,2108 

0,7721 

161,0 

-96,6 

,003257 

42,20 

2,2036 

0,0019 

READINGS 

INVALID 

2,6324 

2,1496 

84,9 

-118,6 

,002585 

9,31 

2,6324 

1,6206 

51.3 

153,5 

,002933 

3,86 

2,8982 

1,0576 

44,9 

114.4 

,002656 

2,66 

2,5586 

0,8123 

35,5 

84,0 

,003153 

1,99 

2,5604 

0,0038 

5,3 

-45,0 

,003153 

0.04 

3,1207 

2,0615 

96,0 

-156,4 

,002933 

13,51 

3,1405 

1,5902 

5,9 

71,6 

,002656 

0,05 

3,1405 

i ,0940 

45,9 

146.2 

,003153 

3,32 

3,1171 

0,7817 

31,2 

162,6 

,003153 

1,55 

3,1171 

0,0038 

33,5 

178.8 

,002933 

1,65 
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Table 

D-1I.  Flow 

Calculations  - 

Shot  363 

(Continued) 

TIHE 

K 

y 

U 

THETA 

DENSITY 

a 

MICROSEC 

INCHES 

INCHES 

FT/8EC 

DEGREES 

SLU8S/CUFT 

LB/SQFT 

7 68,50 

ic6074 

2*2833 

READINGS 

INVALID 

1*9393 

1*2333 

125*7 

60.7 

*004018 

31.75 

1,8183 

0,9130 

READINGS 

INVALID 

1*7313 

0,7667 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2*2704 

2*2333 

33.6 

•151*1 

*003256 

5.06 

2*3832 

1*6037 

96.2 

68*9 

*003341 

15*46 

2*3315 

1*0315 

65,5 

24*3 

*003414 

7*32 

2*2963 

0*8389 

172,6 

41*1 

.003697 

55*16 

2*3204 

0*0056 

94,1 

2.3 

.003697 

16*38 

2*6630 

2,0019 

26*7 

152*0 

*003092 

1.27 

2*6646 

1.6019 

46.7 

81.1 

*003097 

3.38 

2*6148 

1*0611 

19.7 

23*0 

*002912 

0*56 

2*6037 

0,8278 

32*6 

6.3 

*00v>150 

4.39 

2,6037 

0*0019 

30*6 

0*0 

*003150 

1*49 

3*1685 

1*9633 

30.6 

-127,3 

*003097 

3,99 

3*1852 

1*5722 

51,4 

110*6 

*002912 

3.84 

3*1463 

1*1097 

32*6 

93*2 

*003130 

1.69 

3,1444 

0.8204 

26,6 

70.1 

.003130 

1.11 

3,1407 

0*0937 

9.2 

•12*0 

,003097 

0*13 

830*00 

1*6468 

2*3105 

96,7 

178.9 

*002379 

12*06 

2.0198 

1.4177 

259*9 

56*1 

readings 

INVALID 

NO  READIN8 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALIt 

NO  READING 

readings 

INVALID 

2*1207 

2*3182 

134,8 

155*6 

*002699 

24,52 

2,3441 

1,7204 

110*3 

84.2 

*002772 

16*85 

2*3261 

1,0403 

84*0 

24.9 

*003804 

13*43 

2*3405 

0*8851 

163,0 

24.9 

,003775 

53.30 

2*2973 

0*0057 

89*3 

-1.2 

,003773 

15*04 

2*6072 

2,1639 

53,9 

68*6 

,003066 

4*80 

2*6396 

1*6668 

77.7 

69*0 

*002917 

3*80 

2*6162 

1*0652 

104*1 

41,4 

*002772 

15*01 

2*6108 

0*8181 

115,0 

39*1 

*003279 

21*68 

£,,3910 

0*9038 

72,6 

2.9 

*003279 

8*64 

->,l  *01 

2,0212 

74,6 

94*3 

*002917 

6*11 

3,1223 

i,63ii 

71,0 

64.0 

,002772 

7.00 

3,2387 

1*1265 

61,9 

41*3 

*003279 

6.29 

3, 2261 

0*8066 

69*7 

46*1 

.003279 

7*98 

3*1262 

0,0019 

52*1 

0*0 

*002917 

3*95 
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Tflhte  D-II, 


Flow  C— 1  culations 


Shot  363  (Continusd^ 


TIME 

h:crosec 

871,50 


913,00 


X 

Y 

U 

THETA 

DENSITY 

b 

INCHES 

INCHES 

ft/sec 

DEGREES 

5LU6S/CUFT 

LB/SOFT 

i.eii; 

2,2852 

99,8 

-175.6 

,002304 

1 1  c  47 

2,1037 

1,4481 

40,9 

57,9 

.  03743 

3.13 

1,9750 

0,9278 

READINGS 

INVALID 

1,9037 

0,8481 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

2,1481 

2,2889 

152,0 

-74.1 

,002990 

34.54 

2,3963 

1,7130 

114,9 

99,1 

,003008 

19.86 

2,4074 

1,0667 

92,6 

54.1 

.004133 

17.71 

2,4481 

0,9093 

34,1 

57.9 

,003935 

2.28 

2,4093 

0,0037 

60,0 

-5.5 

.003935 

7.08 

2,6833 

2.0537 

25,0 

-136,3 

.003307 

1.04 

2,6926 

1,6741 

50,1 

85,9 

303147 

3.96 

2,6926 

1,1296 

121,0 

72.6 

.003199 

23.40 

2,6926 

0,9000 

68.9 

49.0 

.003114 

7.38 

2,6759 

0,0356 

48,8 

0,0 

,003114 

3.71 

3,1630 

2,0574 

106,0 

74,1 

,003147 

17,67 

3,1926 

1,6426 

64,6 

63.4 

,003199 

6.67 

3, i926 

1,1500 

38,3 

58,7 

,003114 

2.2S 

3,1926 

0,8704 

73,3 

66.7 

.003114 

8.36 

3,1926 

0.0037 

30,8 

3,6 

.003147 

1.49 

1.5477 

2,3u»9 

148,4 

-142.1 

.002672 

31.62 

2,0414 

1.4522 

221.3 

79.4 

READINGS 

INVALID 

NO  READING 

READINGS 

INVALID 

NO  READIN9 

READINGS 

INVALID 

no  reat: 

.*3 

READINGS 

INVALID 

2,1622 

2.1726 

26,3 

-171.9 

,004006 

1.38 

2,3261 

1,8335 

46,6 

85.4 

,002831 

3,08 

2,3802 

1,1150 

106,5 

44,3 

,002943 

16.69 

2,3586 

0,9139 

47,4 

-41.8 

,003505 

3.94 

2,3568 

0,0000 

74.4 

0,0 

,003505 

9.69 

2,5892 

2,1458 

39,2 

174,6 

,002904 

2.23 

2.64^2 

1.7166 

77,9 

11.3 

.003001 

2.16 

2,6523 

1 , l802 

66,6 

-35,9 

,002720 

6.03 

2,6539 

0,3696 

54,0 

•2.0 

,003162 

4.60 

2,6396 

0,0048 

70,7 

*1,5 

,003162 

7.9C 

3,1189 

2,1228 

39,4 

-98,1 

,003001 

2.33 

3,1514 

1,6955 

16,7 

-S0.0 

.002720 

0.38 

3,1386 

1,1591 

40,1 

13,4 

,003162 

2.55 

3,1550 

o,r\-6 

53.2 

is.t 

.003162 

4,48 

3,1368 

0,0038 

32,1 

0,0 

,003001 

4,07 

Table  D-II. 


Flow  Calculations  -  Shot  363  (Continued) 


TIME 

X 

Y 

U 

THETA 

DENSITY 

Q 

MICR' 3EC 

INCHES 

INCHES 

FT/8EC 

DE8REES 

SLUGf/CUFT 

LB/SOFT 

954,50 

1>3944 

2.1944 

367,7 

•  169,8 

,002687 

195.13 

2,1444 

1,6646 

359,6 

111,5 

,003434 

222,26 

2 ,09^3 

0*9463 

REA91N8S 

INVALID 

2.0222 

0,7633 

READINGS 

INVALID 

NO  READING 

RCADIN8S 

INVALID 

2,1222 

2,2652 

301,2 

140.8 

,003293 

149*39 

2,4000 

1,7393 

126,9 

-176,5 

,002960 

23,62 

2,4633 

1,1407 

READIN98 

INVALID 

2,4633 

0,6776 

66,6 

116,3 

,003694 

9.22 

2,4633 

0,0037 

32.6 

173,7 

,903894 

3,42 

2,6444 

2,9374 

115,7 

-162,8 

,003479 

23,27 

2,7296 

1,6615 

78,9 

160,0 

.003253 

10,13 

2,7463 

1,0907 

85,2 

162.9 

.003517 

12.75 

2,7463 

0,8981 

57,6 

169,5 

,003159 

5,24 

2,7463 

0,0037 

67,0 

-178.4 

,003139 

7,06 

3,1374 

2,0185 

92,3 

-178.6 

.003253 

13,85 

3,1926 

1,6259 

110,5 

-144.9 

,003517 

21,47 

3,2313 

1,1593 

102,3 

154.4 

.003159 

16.54 

3,2444 

0,8615 

88.7 

176. 8 

,003159 

12,42 

3,2444 

0,0037 

67,0 

-178,4 

,003253 

7.29 

996,00 

1,1874 

2,2377 

206,2 

-156.9 

,002994 

64,93 

1,9099 

1,7656 

237,3 

147.8 

readings 

INVALID 

1,9495 

1,0786 

92,5 

39,8 

READINGS 

INVALID 

1.9*33 

0,7693 

62,6 

9.9 

readings 

INVALID 

NO  READING 

READ1N8S 

invalid 

1,9297 

2,3623 

122,7 

160.0 

,003046 

22,93 

2.2000 

1.8258 

100,2 

130.3 

readings 

INVALID 

NO  READIN9 

READIN8S 

INVALID 

2,3279 

0,9752 

100,6 

70.6 

,003561 

18,10 

2,3043 

0,0057 

7.4 

0,0 

.003581 

0,10 

2,4793 

2«til3 

31,6 

•116, i 

,002926 

1.46 

2,5694 

1,7434 

7  6a9 

136,9 

,003420 

10,65 

2,5712 

1,2051 

100,3 

92,1 

,003637 

13,31 

2,6016 

0,6690 

41,6 

79,7 

.003226 

2.79 

2,5770 

0,0019 

7,4 

0,0 

,003228 

0,09 

3,0270 

2,1209 

46,3 

103,6 

,003420 

3,98 

3,0613 

1,6323 

29,8 

93,6 

,002637 

1 , 17 

3,0667 

1,2032 

50,1 

58,7 

,003226 

4,04 

3,0667 

0,8755 

12,5 

-26,6 

.903226 

0.25 

3,0901 

0,0019 

5,3 

45,0 

,003420 

0.05 
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MODEL  39 


V 


SHOT  359  I  =  200  FT/SEC 

TIME~  165  M  SEC 


Figure  D-l.  Flow  Vectors  from  Model  39  -  Shot  359 
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MODEL  39 


SHOT  363  l"=  200  FT/SEC 

TIME ~ 208  mScC 


SHOT  363  I ’’=  200  FT/SEC 

TIME  ~I038  SEC 


Figure  D-2.  Flow  Vectors  from  Model  39  -  Shot  363 


The  conclusions  reached  f ran  the  study  of  the  air  shock  loading  of 
the  front  wall  of  Model  37  may  be  applied  to  a  full-size  room  with  the 
help  of  the  following  example. 

Assume  a  full-size  room  with  twelve  times  larger  linear  dimensions 
than  the  model  and  crmpare  positions  on  the  front  wall  similar  to  model 
Positions  4,  4A,  and  their  difference.  Figure  E-l  illustrates  such  a 
scaled  up  full-size  room.  Figures  E-2  and  E-3  are  the  corresponding 
pressare-time  records  for  the  model  and  those  predicted  for  the  full-size 
room.  Times  are  scaled  by  the  linear  dimension  factor  of  twelve. 

To  understand  this  better,  consider  first  the  loading  on  the  outside 
of  the  front  wall.  This  loading  may  be  divided  into  three  types:  (1) 
reflected  pressure,  (2)  rarefaction  decay,  and  (3)  stagnation  pressure. 
For  example,  as  the  input  shock  wave  of  5.3  psi  reflects  from  the  front 
wall,  the  pressure  rises  to  a  reflected  value  of  12.2  psi.  The  reflected 
pressure  remains  until  a  rarefaction  reaches  the  gage  location  from  a 
distance,  D  -  2.5  ft,  the  nearest  relieving  edge.  The  first  rarefaction 
arrival  time,  TR,  may  be  calculated  from  Equation  E-l. 

TR  =  D/CREF  ,  (E-l) 

where  CREF  is  the  sound  speed,  1232  ft/sec,  in  the  reflected  pressure 
region. 

The  reflected  pressure  decays  by  a  series  of  rarefaction  waves 

which  arrive  from  the  other  more  distant  relieving  edges.  After  a 

clearing  time,  TC,  the  pressure  falls  to  the  stagnation  value,  PSTAG,  of 

* 

about  6  psi.  The  clearing  time  may  be  calculated  from  Equation  E-2. 

TC  =  2.5  DR/CREF  ,  (E-2) 


Variations  of  this  equation  may  be  found  elsewhere ,  such  as  in  "The 
Effects  of  Nuclear  Weapons , "  Department  of  the  Army  Famphlet  No.  39-3t 
Hq.t  Department  of  the  Azmy,  April  1962. 

Preceding  page  iiiank 
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where  DR  is  the  smaller  of  the  front  wall  height  of  14  ft,  or  one-half 
of  its  width,  10  ft.  A  more  complicated  method  of  calculating  DR  by 
means  of  weighting  the  various  par’.s  of  the  front  wall  for  clearing 
ability  may  be  used  but  is  probably  not  needed. 

The  pressure-time  loading  on  the  inside  of  the  front  wall  is 
complicated;  by  the  many  internal  reflections  of  the  entering  shock  wave. 
However,  tc  understand  something  of  the  inside  loading,  the  reflections 
may  be  grouped  according  to  their  origin  at  the  interior  side  walls,  or 
at  the  interior  rear  wall. 

No  loading  occurs  inside,  of  course  until  the  shock  wave  arrives 
at  the  gage  position  at  a  time,  t*I,  which  may  be  calculated  from 
Equation  E-3. 

TA1  =  TH/U  ♦  DI/UI  ,  (E-3) 

where  Tri  is  the  thickness  of  the  front  wall,  2.5  ft,  U  is  the  speed  of 
the  input  shock  wave,  1293  ft/sec,  DI  is  the  distance  measured  from  the 
edge  of  the  entrance  to  the  gage  position,  2.5  ft,  and  UI  is  the  speed, 
1178  ft/sec,  for  the  transmitted  shock  wave  pressure  of  about  1.5  psi 
calculated  for  th?  position. 

The  first  of  the  group  of  reflections,  3  psi,  returns  from  the  near, 
side  wall  at  a  time  calculated  from  Equation  E-4. 

TW  =  2  DRIiF/UI  ,  (E-4) 

where  DREF  is  the  distance  to  the  near  side  wall,  1  ft  away.  The 
reflections  in  this  group  repeat  with  a  period  proportional  to  the  width 
of  the  room.  Equation  E-5  gives  this  relationship. 

PERIOD  =  WDI/'Cl  ,  (E-5) 

where  WDI  is  the  interior  room  width  of  15  ft  and  Cl  is  the  ambient 
sound  speed,  113C  ft/sec. 

The  last  group  of  reflections  returns  from  the  back  interior  wall 
at  a  time  equal  to  one  round  trip  of  the  length  of  the  room,  is  given 
by  Equation  E-6. 
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TB  «  (XLI/Uj  +  (XLI/C1)  ,  (E-6) 

where  XLI  is  the  length  of  the  room  and  U  is  an  average  speed  (U  +  Cl)/2, 
of  the  speed  of  the  input  shock  wave  and  the  speed  of  the  shock  wave 
(assumed  to  be  Cl)  when  it  reaches  the  side  wall.  These  reflections 
occur  with  about  the  same  period  as  those  from  the  side  wall.  They 
decrease  in  pressure  amplitude  until,  at  about  three  round  trips  of  the 
room,  stagnation  pressure  is  reached. 

The  pressure  difference  curve  between  the  outside  and  inside  loading 
of  the  front  wall  will  follow  times  as  calculated  above. 
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OVERPRESSURE  ,  PS  I  OVERWESSURE ,  PSt  OVERPRESSURE  , PS  1 


